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INTRODUCTION 

Study skills in Science are essential for effective learning. They include a wide array of 
methods which facilitate good academic performance and help students make more efficient use of 
class and study time. 

Science, has its own vocabulary, notation^ and procedures. Just as working with scientific 
measu^ngJools is a learned skilU so are problem solving and **taking command of a test." We 
need to lake the responsibility for teaching science study skills because they are critical to our 
students^ success in learning in the science classroom. - ' • ^ ^ ^ 

Many students who are doing well in science can develop more efficiient study skills. They can 
also benefit from learning how to organize their skills into a useful system. Others who are doing 
poorly may lack proficiency in study skills and will need to learn both the skills and systematic 
ways of using them. Many of these students think they do not have the necessary ability, but the 
problem is often the' combination of a lack of study skills and a minimum of se!f confidence. 
When these students learn effective study skills^ they become more competen^ and more confident 
learners. . 

Study Skills in Science: What Are They? 

* 

Study skills are procedures for acquiring knowledge and competence, in science they include 
such skills as interpreting charts and graphs^ using scientific measuring tools» working in scientific 
notation, and developing and testing hypotheses. Study skills such as listenings building 
vocabulary^ taking effective notes, and reading for meaning are other skills which are basic to all 
learning and of value to students in the science classroom. 

In a larger sense, science study skills are strategies and methods for solving problems of any 
sort' The student who gains mastery of snence study skills is really discovering how to learn 
effectively in any situation. 

Study Skirs and Independent Learning 

When students develop a repertoire of study skills^ they become more independent as 
learners- For example^ many students who can follow a set of directions when the teacher is 
present may experience great difficulty when they must work on their own» either in school or at 
home. Students who know how to follow directions, use rer^ources, develop a study plan, and 
analyze problems will be more successful as independent learners, 

» 

Students learn study skills best v^'hen they have the opportunity to try a variety of study or 
learning strategies, decide which ones Sre mdSt effective for them, and gradually refine those 
strategies into an effective study system. 

Science Study Skills and Basic Skills 

in a position statement adopted in 1982, the National Science Teachers Association (NSTA) 
di?scribed the goa! of science education as developing scientifically literate individuals who 
understand how science, technology, and society influence one another and who are able to use 
this knowledge in their everyday decision making. The hm Science Study Skills Program is based 
in part on the NSTA's statement that the scientifically and technologically literate peison: 



^ • uses science concepts^ process skills^ and^values in making responsible^ everyday 
decisions; 

« understands how society influences science and technology as well as how science and 
technology influence society; 

• understands that society controls^ science and technology through the allocation of 
resources; 

• recognizes the iimitations as welbas the usefulness of science and technology in 
advancing human welfarje; 



• distinguishes between scientific evidence and personal opinion; and 

• understands, the applications of technology and the decisions involved in the use 




technology; - ' < 

THE hm SCIENCE STUDY SKILLS PROGRAM 

The hm Science Study Skills Program is designed to provide an introduction to study skills in 
science for" students in grades 7-10 through a series of 14 activity- oriented units* Some of the units 
will require one period of class time. Others will require two periods or more* 

The units progress from basic skills such as listening and reading for meaning to more 
complex skills tike problem solving^ working in scientific notation, and developing and testing ati 
hypothesis. The program culminates in a class project which permits students to use many of the 
science study skills they have learned. 

FOCUS ON PEOPLE, ENERGY, AND TECHNOLOGY ; . 

Unlike the other books in the hm series which focus strictly on study skills^ this program also 
provides instruction in a specific content area within the Tth-lOth grade general science cunicu- 
lum. The same activities which enable students to practice science study skills als<^ introduce them 
to a variety of technologies for collecting, transferring^ storings and conserving energy. In 
addition^ students can begin to discover how the decisions made about eiiergy today affect the 
technologies they will rely on for fobd« shelter^ and transportation in the decades to come* . 

Appropriate Technology 

While people^ energy^ and technology are the subjects of the hm Science Study Skills 
Program^ "appropriateness'* is the unifying theme* Unit I poses the question, "What Does 
Appropriate Mean?** The next six units apply the concept of appropriateness to technology; 

• Unit n illustrates why technologies which use locally available resources are preferable 
to those which import them from far away. 

• Units III and IV explain why technologies which use renewable sources of energy are 
preferable to those which, rely on finite sources, such as coal, oil, and natural gas. 

• Unit V stresses the importance of minintiziQg the environmental impact of technology. , 

• Unit VI stresses the importance of minimizing technological waste and inefficiency* 

• Unit VII demonstrates the usefulness of life cycle cost analysis when choosing among 
competing technologtes, 

7 - • . 
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These first seven units serve to establish a set of criteria which students can use to assess the 
appropriateness of any technology. Unit VIII tests students' understanding of these ideas, 

The Solar Greenhouse 

In the second section of the book (Units IX-XII), students take a closer look at one example 
of appropriate technology: the attached solar greenhouse which can be used to produce food and 
heat. The solar greenhouse is a small-scale^ simple structure whicti embodies in microcosm all of 
the characteristics of appropriate technology presented in^the first seven units: 

• it relies primarily on passive solar energy, a locally available, renewable 
resource; 

^« it has minimal impact on the environment; 

• when propejrly designed and co^jstructed, it is extremely efficient in its use of 
energy; and 

• it withstands the test of life-cycle cost analysis. 

In Unit IX, students experiment to discover how a solar greenhouse traps and retains the 
sun's energy. Unit X introduces students to the scientific laws which explain how energy behaves 
in a solar greenhouse. In Unit XI, students again experiment, this time with ways of storing solar 
energy. In Unit XII they work ^ith ways of conserving energy in a solar greenhouse and the 
structure to which it is attached, ' * 

Appropriate Technology in AcUon 

The third and final section of the book gives students an opportunity to apply what they have 
learned about appropriate technology. In Unit XIII, students design and test either a wind machine 
or a passive solar collector. In Unit XIV, they design and implement an appropriate technology 
aimed at solving a problem within their own school. The science study skills presented ih the first 
13 units will be useful to students as they work on this project, 

SCIENCE STUDY SKILLS AND LEARNING BY DOING 

The hm Science Study Skills Program is based on the assumption that activity-oriented 
lessons are the most effective way to teach study skills; more succ]nctly» that 'Mearning by doing** 
is the best Avay to master study skills. In the activities in the hm Program^ students will both learn 
about study skills needed for science and practice these skills in a science environment. 

The program is deliberately designed to meet a wide range of student needs: 

I- For the student who has little sense of a particular study skill* it provides an 
introduction to that sKill, 

2. For the- student who is ready to acquire a skill* it provides an initial learning 
, expe?ience, * ^ 

3, For the student who has mastered a skill* participation offers review and 
reinfprcement. . * - 

Thus* the Program's exercises allow for the participation of students with a diversity of skills 
and promote learning on various levels of competence. 
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USING THE hm SCIENCE STUDY SKILLS PROGRAM: WHERE AND WHEN 

We suggest that the hm Science Study Skills Program be taught as one unit of an ongoing 
geija^ spienee course. Only in the regular science classroom can the teacher of the hm Program 
show the student th? immediate an^i lon^-term valucf of mastering the various skills. " ^ 

Our classroom tiesting has shown the applicability of the hm Program in grades 7- JO, It may 

also be of vatlie to students at other grade levels. 

. ■ " ^ ■ 

Our testing clearly demonstrated that teachers found the program nfbst successful when they 
used the units in sequence from beginning to end. Some teachers found it possible to use<he first 
eight units at one time and the last six at another time or to use individual units in conjunction 
with other, ongoing science curricula. We suggest that you discover the most beneficial way of 
integrating the Program into your curriculum through your own experi^ce with its use. 

SUGGESTIONS FOR TEACHING 

THE hm SQENCE STUDY SKILLS PROGRAM 

Background for the Teacher 

unit in the Teacher's Guide begins *with background information for the teacher about " 
both the study skills to be presented and whatever facet of energy or appropVi^te technology is 
covered in the unit. In most cases, the information about energy and technology goes beyond the 
mato-ial presented to the student so that you can be in a position to field questions with greater 
confidence. In some cases, additional background information is presented in an appendix. The 
teacher who wishes tQ,become even more familiar with the material will find numerous sources of 
additioiial information in the selective bibliography at the end of the Teacher*s Guide.^^ 

Suggested Direcliuus 

h The Teacher's Guide offers ^Suggested Directions" for teaching each unit in the Program. 
Our classroom testing has shown these methods to be useful. Of course, we invite you to adapt 
them in ways \yhich you see fit, 

1. We suggest that you examine both the Student Text and the Teacher's Guide carefully prior to 
your teaching of the various units. A(( of the material in the Student Text has been Included in 
Jhe Teacher^s Guide. Answers to student exercises have been added to the Student Text pages 
in the Teacher*s Guide where appropriate. 



Suggested Times * 

K The units in this Program are structured to accommodate the teacher who meets with his or 
her class for one period in a given day. ^ ' ' 

1* Each section of the ''Suggiested Directions'** in theTeacher*s Guide includes approximate times 
for the various parts of the units. We caution yoQ that these times are approximate. 

Our classroom testing experience has shown us that the wijJe variation in teacher style results in 
• an equally wide range in the pacing of instruction. We strongly suggesi that you examine the 
Program units carefully and gauge your ^planning of instructional time according to ^our 
knowledge of how things actually work in your classroom. 
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UnH Summaries 

L Each unit concludes with a summary. Since Unit VIII (''Becoming a Skilled Test Taker and 
Appropriate Technology in Review") advises students to review these unit summaries in 

" preparation for. an upcoming test, we strongly recommend that you bring them to the attention 
of your -Students the end of each unit. 

Additional Suggestions atfd Information 

' ■ ; ■ ' 

K Students will need additional activfties beyond the scope of this Program to practice and rein- 
force their acquisition of science study skills. Some ideas for the extension of the various units 
aje included with each section of this Teacher's Guide and are entitled ''Additional 
Suggestions,'*" 

2/ You will find a selective bibliography and several technical appendices about energy anJ 
appropriate technology foUowiril Unit XIV, A glossary of energy terms is included at the end 
of both the Teacher's Guide and the Student Text, 

Advance Preparation 

I . r^anv of tt\e units in th^ hm Science Study Skills Program require you to duplicate information 
for students or^to provide them with materials for their experiments, A complete list of these 
units and what they require is given on the next pagj;. We suggest that you try out the experi- 
ments and work through all^f the mathematical calculations in each unit before assigning 
them to your students, - , y 



UNITS WHICH REQUIRE ADVANCE PREPARATION^^ MATERIALS 



* r 

UNIT EXERCISE PR|PARATION 

I II Duplicate copied' of passages A,,B, and C, 

jll and IV You may want to update numbers used in passages in 

these units, See Unit III for references. . 

V III Duplicate copies of information on houses, 

i 

VIH Duplicate copies of Unit l-VH Review Test. You may also 

need copies of another test with which students can 
practice test taking skills, 

tX ! Thermometers needed. 



II Protractors needed. 

I I I Maferials for experimen t: 

protractors watch or clock 

cardboard ' light source 

glass jars with screw-on lids 

IV Materials for experiment: 

same as above plus insDIating materials such as 
construction paper, cloth, wool. C 



X II Materials for experiment: 

beaker and ring stand 
Bunsen burner 
sawdust 

III Wa teriats for experiment: 

light bulbs 
cardboard 



XI !l Materials for experiment: 

glass jars with screw-on lids 
Celsius thermometers 
energy source (heat lamp or sun) , 
storage materials (sand, rocks^ water, wood 
chips, clay) 



Wa(er/afe for testing solar collectors and viind machines: 
energy source (sun or heat lamp) 
thermometers 
string 
weights * 
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TEACHING THE hm SCIENCE STUDY SKILLS PROGRAM: 
A POTPOURRI OF HINTS AND SUGGESTIONS 

Small Groups . 

Most of the units in the hm Science Study Skills Program are suitable for whole class or small 
group instruction. We highly recommend that you give your students the opportunity to work in 
groups of two; three^ or four. If students work with a partner^ we suggest that you pair students 
of generally siri\Mar ability. ^ ^ * ' 

The interactioh of students working on a common task can facilitate the learning of skills 
through shared problem solving. In this way students can learn fi^om each other. 

Small group processes offer a useful method for genuinely engaging students in an activity. 
Such processes help both to enhance motivation for learning and to increase interest in the content 
of the lesson^ as they offer active participation to each and every student. 

Individual Work in Study Skills <f , ; 

Individual work is of critical importance to the learning of skills. When a skill is introduced in 
a group setting, it becomes crucial to provide individual work with that skill through homework 
and/or other class activities. 

Student Discussion and Learning ^ 

To learn study skills effectively and know how and when to use them, students need the 
opportunity to discuss their work. Their discussion must include not only the **nght answer'' but 
the process through which they arrived at the answer and their reasons for considering it correct. 
At this point in your students' development of study skills, the process is more important than the 
individual answer. , . ^ 

Using Calculators 

Students will find calculators helpful in Units XI and Xll, One calculator for every two or 
three students is enough. If calculators are not available in the schooU students may be able to 
bring them from home. The use of calculators will not detract from students^ activities in these 
units but will help them see calculators as useful scientific tools. 

Student Perceptions and Expectations 

Sometimes students perceive new study skills as more time-consLn^ing than their unskilled 
learning behaviors. In a few cases* this is an accurate perception^ bu? most often it is not. 

You can help students gain a wider perspective about their own learning by telling them that 
any skill, by its very nature, takes more time to use when you are first learning how to do it* Then, 
as you become more competent in using the skill, it takes less and less time. Ask students to think 
of examples of this from their own experience. Or, give them a few examples which will illustrate 
this relationship between competence and time. 
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Grading 



Given the grade -oriented realuy of MOst classrooms, we suggest that the student's 
involvement with the hm Program be evaluated in some fair and concrete manner. Your standard 
of evaluation ought to keep in mind the process of how skills are learned, namely through 
repeated practice over time> and set reasonable levels of expected mastery. We also suggest that 
you inform your students about how their work with the hm Program will be evaluated at the very 
beginning of their use of the Program. 

Unit Vlli includes a test of students' understanding of the information on energy and tech- 
nology presented in Units I-VII. As explained in the Teacher*s Guide to that unit, the test may be 
given as a test or can be used in the unit's exercises which help students practice test taking skills. 
The projects students design and implement in Unit XIV can also be used to evaluate their under- 
standing of the scientific principles taught in the Program. 



An Overview of Study Skills 

During the past decade^ many educators have defined uasic skills primarily in terms of com- 
munication and computation skills. Study skills^ though often neglected or ignored^ are also basic 
skills. These skills for learning are at the core of educative process. 



WHAT ARE STUDY SKILLS? 

Study skills are learned abilities for acquiring knowledge or competence. The table of 
contents of a study skills handbook or text usually includes, among others^ the following skill 
areas: listenings textbook readings note taking^ planning your time» study behavior and environ- 
ment, vocabulary skills^ and test taking. These skills and others which fit *nto the category of 
study skills directly relate to many of the activities in which students are engaged while they are in 
school or doing schoolwork. 

f 

A broader definition of study skills or learning skills views them as processes for learning. 
When one learns a study skill, one is learning more than a specific technique. Owe is learning a 
way of problem solving, a method which can be used in any relevant context . One is also learning 
more about how to learn effectively and how to be in charge of one^s own learning. It is this 
perception of study skills as transferable processes for learning which reveals the critical impor- 
ance of these skills. 

A review of nearly 80 years of study skills literature indicates that» at least throughout this 
century^ the nature of study skills has remained relatively constant. Study skills in 1940 were much 
like those in 1920, in 1960, and even in 1980. There have been variations of emphasis as well as 
some genuinely innovative developments over the years, but the strongest impression is one of 
continuity. 

This continuity is important to keep in mind in view of the trendy nature of American 
education which often seems to produce a good deal of ill-considered change. Even though an 
element of the curriculum is found to be useful^ we still often choose to eliminate or ignore it 
whenever the next new trend appears. Because study skills have been relatively impervious to 
change, they have been periodically discarded over the years» only to be rediscovered mucn later. 
This pendulum effect has had damaging results because the importance of learning how to learn 
never diminishes. 
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HOW HAVE STUDY SKILLS BEEN TAUGHT? 

The most common approach to study skills instruction during the first few decades of this 
century was essentially the preaching of morality. This approach related good study skii s to what 
was called "high morals/* indicating that students who displayed the correct moral values would 
be the ones with good study skills. 

This motalistic approach to the teaching of study skills peaked before World War 11^ at least 
if the literature is an accurate guide, and was replaced by a focus on techniques and formulae. The 
most famous of these formulaic methods is SQ3R> an excellent method for reading a textbook 
which was developed by F, P, Robinson, 

The chief characteristic of a formulaic approach to study skills is the learning of a specific 
series of behaviors. For example, using SQ3R, one learns to survey, question, read, recite, and 
review. Unfortunately the use of such formulae often descends to the level of gimmickry. Students 
are taught to .use a particular technique as if it involved an act of magic; that is, something beyond 
their active and conscious participation, comprehension, and control. Although formulaic 
methods attempt to create understanding and involvement in the student, the mere fact of their 
use guarantees neither of these necessary outcomes. 

While formulaic techniques can be very useful, they must be employed within a framework 
for the teaching of study skills which engages the student not only in learning a particular skill but 
also in learning about what happens within oneself when one learns and uses a study skill U is 
important for the student to learn why a skill works and why it is valuable as he or she is learning 
how to do it, A central part of this learning involves the student's initiative in the exercise of 
judgment and choice, 

A third method of teaching study skills is the handbook approach. While this method claims 
to understand and appreciate the value of study skills, it argues that no class time is available for 
study skills instruction, Thus,_this approach relies on the handbook to elicit involvement and 
learning. Students are given written descriptions of various study $Ulls and are expected somehow 
to translate verbal abstractions into behavior. A few students can and will make this leap, but the 
vast majority cannot^ because they lack the motivation^ self-discipline, and conceptual ability 
required to learn study skills independently* Though not Uncommon^ the handbook approach is 
not particularly helpful. Although it is an effort to address the need for teaching study skills^ its 
use results in a minimum of learning while simultaneously creating frustration and resistance in 
the student. 



STATUS OF STUDY SKILLS TEACHING 

The overview of study skills instruction presented below is primarily drawn from two sources: 
the editors' observations throughout the country over the past II years, and a national survey 
conducted by one of their colleagues. While this overview is a generalization to which specific 
contradictions can certainly be cited, the larger picture which it offers seems accurate* 

During the past several years^ the ''back to basics^^ movement has led to a greater emphasis 
on basic skills during the middle school/junior high years* However, this movement has not 
addressed the lack of effective study skills instruction in most middle/junior high and high school 
curricula. Despite the renewed concern for skills education, the widespread failure to regard study 
skills as basic skills has resulted in a continuing lack of emphasis on study skills instruction* 
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Another problem involves the nature of study skills teaching which does take place. Though 
many teachers do include some study skills instruction in their curricula, they tend to do so with a 
lack of focus on precisely what skills they wish to teach and on how their students^ learning is 
going to occur. This absence of focus results in a lack of coordination of their efforts toward the 
teaching of study skills in any given class over the course of the year. Rather than a well-planned » 
highly coordinated effort, what often results is the haphazard collection of insufficiently related 
lessons, 

A third shortcoming is the lack of coordination of efforts in teaching study skills among 
teachers of different subjects at the same grade level. While there is some uncertainty and conflict 
in regard to the responsibility for teaching other basic skills, this confusion is particularly intense 
in regard to study skills. For example, is the English teacher the only one who is responsible for 
teaching the various communication skills which are also study skills? Or should every teacher deal 
with these in some way relevant to his or her own subject? The reality is that schools often fail to 
delineate the areas of responsibility for the teaching of study skills. It is no wonder that confusion 
arises among teachers; ultimately, though, it is the students who suffer most. 

A fourth problem is an extension of the previous one; not only do schools fail to coordinate 
and organize the teaching of study skills in any particular grade^ but the same phenomenon also 
takes place on a sy^lem-wide basis throughout a student^s academic career. Teachers often assume 
that somebody else has taught certain skills to their students or will teach them later on. But often 
no one ever gets around to teaching them because there is no clear assignment of responsibility, 

HOW DO WE TEACH STUDY SKILLS? 

People learn skill, through processes of repeated trial and error. One key to effective study 
skills teaching, then* is providing the student with sufficient oppoptunity for practice of the skills 
to be learned. Of course, there is an inevitable tension between providing students with trial and 
error practice of a new study skill and helping students to maintain their interest in learning the 
skill in the face of the necessary repetition. While this tension cannot be removed, it can be 
minimized by acknowledging the tension as a natural part of learning something new, and through 
the use of varied and imaginative instructional design, 

A second key to study skills teaching is the recognition that learning a study skill -"^a*-' "^s the 
learner to err before he or she can succeed. We learn skills by trying to use a new iking 
mistakes, identifying our mistakes and learning from them, and then correcting our misuses. This 
understanding creates several responsibilities for the teacher: 

L The teacher provides a space within the learning process where the student can try out a 
new skill, experience a good deal of error, but not feel that he or she has failed or is a 
failure, 

2. The teacher provides usable feedback to the student about the effectiveness of the 
student*s use of the new study skill. 

3. The teacher rewards the student for what he or she has done well in using the new study 
skilK With such recognition, the student experiences success in the learning process and 
will be more motivated to continue the development of mastery in the new study skill. 
Recognition involves the acknowledgement of the effort to risk in the face of possible 
failure. 
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In addition to these two key understandings, a program of effective study skills instruction 
would be based on the following underlying values: 

h Study skills need to be defined as processes for learning, 

2. Study skills need to be included within the cluster of basic skills, 

3. An important pa^t of learning study skills involves learning more about how one learns. 
Thus, instruction in study skills engages the student in an active participation in his or her 
own learning. The student is encouraged and provided with the opportunity to develop the 
ability to exercise his or her own judgment in regard to the learning and use of study skills, 

4. Learning by doing is the best way, to learn study skills, 

5. A considerable part of study skills instruction ought to take place during class time. Such 
instruction should also be integrated with the regular curriculum of the course, 

6. The learning of study skills offers a transfer effect; a skill learned in relation to one subject 
can be applied to any other relevant context, 

7. The work of various developmental psychologists has shown us that there is a continuum 
of cognitive development throughout the years of childhood and adolescence^ and that 
people are only able to deal successfully with learning^iasks which are appropriate for their 
l^vel of development. It is crucial to relate this insight to the teaching of study skills and to 
ask a student to learn only what is within the realm of his or her cognitive ability at that 

' level of development. 
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APPROPRIATE? 
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UNIT I: LISTENING AS A SCIENCE SKILL 

and 

WHAT DOES APPROPRIATE MEAN? 

STUDY SKILLS 

Listening means more than just hearing. Listening means hearing and understanding. 

This unit is desired to introduce the student to the idea of listening as a set of skills which 
can be learned. Its activities present several specific listening skills to the student and give her or 
him the opportunity to learn how to use these skills. 

The unit also introduces note taking as a skill which both promotes active listening and helps 
the student generate a record of what has been heard. In this unit, students learn the key word 
method for taking notes. Other note taking methods are presented in Units III and IV, 

APPROPRIATE TECHNOLOGY 

This unit introduces the student to the concept of appropriateness. Something that is 
appropriate fits the situation in which it is used. An understanding of the concept of 
appropriateness is central to the first seven units of this book, 

PLEASE NOTE; The activities in this unit assume that your students already have some 
rudimentary skill in discerning "main ideas** in a piiragraph or passsage. For 
those who lack this skill, you will need to provide instruction in this area. The 
skill will also be addressed in Unit III of this book. 
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STUDENT TEXT 



INTRODUCTION 



WHAT IS STUDY? 

Sludytng tnc£ins learning. Learning oUtn involves listening, reading, watching, and 
wriling. It atwa>s invoKes thinking. 

You siudy in many dirrereni pfaces and doing many different things. You can study 
t^askeiball or soccer- clDthe^. Oance. or oiher people Whenever you try to learn^ you are 
studying « 

WHAT ARI^ STUDY SKILLS? 

Study skiLts are \vays or methods oi Learmng. Knowir^ a variety study skills and 
10 uic them c»n help you become a more etfectuc learner. 

When >Wvc developed study skills, you will be able lO make better useof your time and 
effori. 't*)u1I become a more indepcndeni learner an4 problem solver. An indepcndeni learner 
knov^^ which questions to a^k and tiow to find the answers to ihose questions. 

SCIBNCE STUDY SKILLS 

Some smdy skills are useful in all subjcci$. Knowing how to listen, for example, will help 
you team m atiy cla&s. Other skills are mosi useful in a particular class or subject. 

When you icarn science siudy skills, you find out how lo learn science more effectively. 
Tor ejtamplc. you discover how lo read graphs and charts, how to take notes from >x)ur 
science textbook, and how to work \iith large numbers and the mtuk system. 

People learn study skills best uhen ihey practice ihem. Each unit in this book will help 
>ou Ivam abour uufiil stud>' skills and ^^'H give >'cu a chance to pracfice tho^e skills. 



As you Practice science study skills in ihis book, you \iill also have ihe chance lo learn 
aboui ^ome kc> ideas in science. As you examine the connections among peopte. energy^ and 
[cchnolog>, iliink about these questions: 

Where does energy <:ome from, and how is it used? 

Whai makes one technology better, or more appropriaie. than another? 

How can people make the best use of the energy and technology available to them? 

By the time you finish this book, yoc should be able lo answer these questions and more 
about people, energy. an4 appropriate lechnol^gy-^ 



Snggested DjrecUons for Uni( I 

1. Organize your class into small groups of three or four students. Have a student or students read 
the introduction (page 1) aloud. Discuss for emphasis. 

Approximate time: 5 minutes 



PEOPLE, ENERGY, AND APPROPRIATE TECHNOLOGY 
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UNII I: LISTKNING AS A SCIENCE SKILL 
and 

WHAT DOES APPROPRIATE MEAN? 

WHAT IS LISTENING? 

Vou probably spend ^ loi of >o;r Innv iKknm^ hi fuc(. Uudcn(<. asked miKton aKiui 
of ihc unic Ittai (hc> ;trc m school 

TUittl for a fc^ fnoxncnts about ^^u actualJ^ do ^Ucn sume^mc a^ks \ou to listcxk 
Tlien* define hcartftf; and /^tft'/iu/jr on the Une^ bctow. 



^ rttftte gengg o/jj ^ 

(.Accept am reasc^^e an^^tver,^ 



U^i^m: fi> tMhccf.yo tu^ ,^63fjjjj, o^J^j'^ 




NOTE; The picture is an example 
of inappropriateness. You can dis* 
cuss the pictuie with students at this 
point in the unit, asking them what 
seems wrong with it, or you can 
come back to it later in the unit 
after students have become more 
familiar with the terms appropriate 
and inappropriate. 



1. Ask your students to read "What Is Listening?** (page 2) and answer the question at the end. 
Or, ask them to read the section, discuss the differences between "hearing** and "listening** in 
their groups, and write down the answers which they generate. When they are done, have 
several individuals read their own or their groupf s answers. Discuss, focusing on listening as an 
active, meaning-seeking process, 

10 minutes 
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LISTENING IS A SKILL 

Hearing [akcs place m your cars. |[ is a physical proc«is. But lisicnine is mote [hsn jusc 
bearing. Listening means paying aiccniJ on lo whai youarcheafir?g and trying to inak/$cfisc of 
it. 

People are not born as good listeners, but ihey can learn how to listed), Listenir^g is a 
study skill whkh you can learn through practice, 

A good listener is an active listener. An active listener hears words as ihey are spoken and 
thinks about vthai they mean * 



ACTIVE LISTENING 

Active listening means concent rattng and parttctpnting. 

When you cotjcemtaftt you chooic to direct your attention to whai you ate hearing. 
When you start to listen. teU yourseir ^iihjrour inner voice. "I am going to listen \ery 
carefully, ^Ttenever you ^nd thai >'0U are not listening, direct your attention aga^n by 
repeating theic *ords to yourself. 

An active iisti^ner participates in what she or he is hearing, Pottia'pntttig means hearing 
ihe words that are spoken, thinking about what the speaker issayingi^nd trying tomake sense 
of ii. 

Three ways to participate in what you are hearing are: 

}. When yon listen, ask yourself questions about what you are hearing. Jf you 
c^n, ansvirCT the questions. 

2. Try to connect what you are hearing with what you alteady know, 

H 

3, Try to "p'^^re"' in your mind what is being said. Sometimes a picture can 
help you understand what the speaker is saying. 



EXERCISE I 

Direcfhnst Vour leache/ will read a paragJ'^ph aloud to you. Listen carefully. uSiDg the three 
ways of participating in v^hat you hear suggested above. Try to find the rnatn idea 
of the paragraph. Write the main idea on lines beloH\ 

Main idea: [Acc^f Ofiij 13^^r\ixbie af\si^tr y ChiC£**^''H^^ rt^kfjoo/ a. 



3. Have your students read **Listening Is A Skill** (page 3) and *'Active Listening** (page 3), Go 
over each of the specific listening skills for emphasis, ^ 

5-/0 minutes 

4. Ask students to read the directions for Exercise I (page 3)* Then, read aloud the paragraph 
for Exercise L Give students an opportunity to write the main idea, and then have several 
students share their main ideas with the class. Discuss* 

W minutes 

PARAGRAPH FOR EXERCISE I 

It is important to choose the right tool for the task you want to do. You wouldn*t use an axe 
to cut your meat. You wouldn*t wear long underwear on a hot summerday. You wou!dn*t use a 
hammer to swat a mosquito* You would chooSe the equipment which best fits what you are 
doing* In this book, you are going to learn how to choose appropriate tools for the tasks you 
want to do. 
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EXERaSE '1 

Dirfaiofts: You vvill hear three dirfcrcni parafraphs ibotJt the same topic. Listen carefully^ 
and try to ffnd the ihcme or main idea common to aJI three paragraphs. 

When you have heard ^1 three paragraphs » work with your group (o describe the 
theme or main idea shared by the three paragraphs. Then* write the theme on the 
lines below. 

You may want to joi down key v^ords as you liuen to help you remember. Use the 
spate a( the bottom of the page. 

Tlieme/main idea: (Accept Omj fertinnniJe d>is(ve^> ^ f>otUf of ^£se 

:} ^ ^ 



Key v^ords: (Studfj^ OnU^ers W/ V^.) 
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5* Select three students in each group to be readers, Give one reader in each group passage A, 
^ one passage B, and the third passage C (on the next page), so that each group can hear all 
three passages, YOU WILL NEED TO DUPLICATE THE PASSAGES FOR THE 
READERS PRIOR TO CLASS, Tell the readers to read their passages slowly and clearly but 
only once. 

Have the class read the directions for Exercise II (page 4)* Then, tell the readers to begin. 

When students have completed the exercise, have each group write its main idea on the board. 
Discuss the ideas, focusing on ways in which they are similar and different* Also, ask >our 
students if they wrote down key words while they listened and in what ways this note taking 
helped. You may also want to go over the key words which students have written down* 

15-20 minutes - 
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PASSAGES FOR EXERCISE II 



PASSAGE A 

Mr. Johnson always believed in competing with his neighbor, Ms. Jackson, Ms. Jackson had 
just installed three solar panels on her home to provide her and her famfly of four with hot water, 
Mr, Johnson decided to buy and install six solar panels to help provide hot water for himself and 
his wife* "If three panels save the Jacksons some money on their fuel bilU six panels should save 
me twice as much," Mr. Johnson thought. 

At the end of the winter^ Mr. Johnson took his utility bills over to Ms. Jackson's to compare 
their savings. To his complete surprise^ he found that his six solar panels had not saved him much 
more than the Jacksons^ three solar panels had helped them save. "Didn^t you know/^ Ms* 
Jackson said» "less than one solar panel per person is all you need?*' 

PASSAGE B 

Joe Caruso was a contractor who specialized in building shopping centers. When he built the 
Riverside Shopping Center, he followed most of the usual building procedures. For example, all 
of the windows in the shopping center were sealed shut. This meant that even on mild days the air 
conditioning had to be on to keep the shopping center from overheating. One spring day the air 
conditioning broke down. Store owners tried to open windows but couldn't,^^1^n the shopping 
center manager called Mr, Caruso for advice^ he had none to offer, The-diopping center was 
forced to close until the air conditioning could be fixed, ^ ' / , - 

PASSAGE C 

It was Jack's turn to do the laundry, but he really did not want to do it today. He wanted to 
,be oytside enjoying the warm spring weather. Instead he was stuck in the house. He washed the 
clotheSj threw them in the dryer» and waited for them"io be done. When they were finished^ more 
than an hour of the beautiful day had been lost. Jack put the clothes where his sister would fold 
them when she came home. Then he ran but into the yard» nearly catching his neck on the 
clothesline as he ran by. 
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TAKING NOTES 

Taking notes is anoiher way or becoming an active listener. To take userul notesr>'ou 
need to pay attention to ^tat you ate hearing and think about what is worth writing doun. 
When you take notes* you also create a record or whai you have heard which you can use 
later. 

One way to take notes i* to write down key words The steps for taking notes in this wa> 
are listed below: 

L Do not try to write down everything that you hear. Insiead* listen for vtords whicti 
^ seem key or jmpofiant, and joi these down. The speaker may defitle a Uy word* 
emphasize it* repeat it* give examples or tt* or tell you in some o^ner wa> lo pa> 
attention to it, 

2, As you listen to a speaku^ jot down all the key words that you hear. 
Remember', Key words can be a single word or a group of words, 

3. ^tien the speaker is fini<ned* go back to each key v^ord and ^;^ritesometning about u:^ 
Definejt* use it in a sentence* and/or give examplest>r it. When >ou writt^ about the 
key j^ords* ycvu make sure thai you really understand v^hat they rncan. - 



EXERCISF. Ill 

Direciiottsi Your teacher wilt read a passage to yotj* Listen caiefullyi and take notes by 
jotting down key words on the lines below* 

When your teacher is finished* write what is important about each ke>' word. 
Then describe the main idea o^ the passage in the sP^ce pro^'ided bebw* 

Key words; Shuie*its* Itsfs 07 kut words wtli ivtif whid ^eu 

' ivrrte (KUui jitem. ^C f Pf f reasottalfe ans*^^ Eygr^^te^ ^ ^ietj , 



d<m ik^ job 



does ho aWc ■ rap ^nudi 



M4in idea: Son\dhn^ whtcM jgj^^^f^rafc ^JT ^€ ^AfOytjX tn whck 
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6. Have your students read **Taking Notes" (page 5), Go over the steps in the note taking 
procedure. Then, ask your students to read the directions for Exercise III (page 5), Ask them 
to do this exercise individually. Read the passage on the next page aioud and give them time 
to work with the key words and write the main idea. When they are done, have students share 
th^eir key words and what they have written about them either in small groups or with the 
.whole class. Then, discuss the main idea of the passage. 

10-15 minutes 



PASSAGE FOR EXERCISE III 

Anything which is appropriate fits the situation. Air conditioning is appropiiate only when 
there is no other way to keep a room or building fiom overheating. Remember the 'windows that 
couldn*t be opened, even on mild days. An activity can be appropriate or inappropiiate as well. 
Swimming is most appropriate for a hot summer day but not suitable for a cold winter night. 
Equiprpgnt can be appropriate or not. An electric knife on a camping trip where there is no 
electricity IS just extra baggage. A folding jackknife which you can slip into your pocket would be 
appropriate. Behavior can also be appropriate or mappropriate. Loud yelling would be much 
more appropriate at a football game than in a hospital. 

Anything which is not appropriate, or inappropriate, does not fit the situation. You would 
be surprised to see someone wearing a fur coat to go swimming, hunting butterflies in the snow, 
or turning cartwheels in a china shop. All of these are inappropriate. 

To see if something is appropriate, ask yourself: 

Does it do the job? 

Does it do too little or too much? 

Is there anything which fits the situation better? 

If it does the job well, not by too little or too>rftich» and if there is nothing whicii fits the 
situation better, then it is appropriate. 
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Directton^: Imagine that your ^icncc class it Planning a day trip to the bc^ch lo cr^mine the 
plants and animals which live there. ]n the space provided t^W. write three 
thinfS it «ould be appropriate for you to bring, and three things that would be 
inappropriate for you to bring. On the line next to each object, explain why the 
objeci is appropriate or inappropriate for this trip. y 

Appropriate objects Wl»> the) ire ippropHate 

1 ( Sfud^s'Jlnsif^ s. ^*t l V/fl/ti ) 

2 " . 

J. 



Inappropriate objects 

4 

5 



Wh> the> are inapprdpnate 



6. 



7, Assign Exercise IV (page 6) to students for homework. Read the directions atoud to students 
and check to see if there are any questions. 

When students return to class with this assignment, have them share some of their ideas with 
the class. Discuss why the objects they have chosen are either appropriate or inappropriate, 

10-15 minutes (for discussion) 
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UNIT I SUMMARY 



lISTfeNINC AND TAKING NOTES 

listening a stuJy s.UW v,hkU \'uo\\t% paying dttention to uhat you afc hi^afing and 
trying to maki; strns^; of ii. 

A good h^rvncr >s mttve U^tenet Ac(t\c h-sitfoing mtans touceniraitng jtnd pttrtia- 

Cofiivmratittfi is choostng lo difcct your jtttcntion to what you jtc hc^rtng* and 
dioosm^ 10 )<.^^p iNcmng your jtitcnno)) uanJc/s. 

f^artntpitfiitv ls thinking about uhai thi* speaker )s sAytng. To pattitripat^: 

1 :\^\, yourself qucstuius jtbti M w)ia( you jtr^; hearing, and an^uc^ Ihcm tf you 

LtUI 

2 lr> io ^oMll^l ^'^k)*)! ><>LL ^Fif hoiirmg uiih uhai >ou j)lrC!iJ\ knov^. 

J Tr> to "picture*' m >ot)r nund v^hat is tiling 

7i/j4>Mjk* rf;^/c*s tmuthvt nny of liMcning at'Ji^cIy> One way to lafctf nt>te^ is lo jot down 
kcv uord^ Ilk ua>s. 

1. I.Kicli for ^^o^d^ which imporuint or ki^y. and joi ihrm do;^n. 

2. V\tK*n the* vpcjki^r is finished, go b.ick (o each l^cy ;^ord and Jcfinc it* use it 
m ,1 sentence* or gi^tf un example of it. 

WHAT DOKS APPROPRIATi: MFAN? 

Anything ^\hKh h jppropritiii; tl(^ thcsuuaiiojt in uhidi >ou usciL To if somcihmg 
jppropriaiC, >oursu]f 

Dots It do the job and or 111 the sHuaiion? 
LK>c> )i do 100 htttt' or loo ninch ! 

ihero amthinii lhai the sntiatmn bcttifr? 

lilt fits \\v: jt%b \^l1L noi by \oo UuU or loo luneh^ «ind if ihvrt; is nothina uhidi fiit. tbo 
situation betk'r. Ihcn il is api^roprtuic^ 



8, Review the Summary of Unit I (page 7) with students. Point out to students that they will be 
tested on Units I-VII in Unit VIII and that they will want to review unit summaries 
periodically* <^ 
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UNIT II: BUILDING YOUR SCIExNCE VOCABULARY 

and 

WHAT MAKES A TECHNOLOGY APPROPRIATE? 

STUDY SKILLS 

The language of science consists of unique words and meanings. Even if students are familiar 
with the words they read in their science materials » they may not know the particular meanings 
which relate to scientific topics. 

This unit is designed to improve your students' vocabulary in two ways. Firsts it introduces 
them to the skill of using context clues to decode unfamiliar words. Second^ it encourages students 
to use a glossary or dictionary when a more precise meaning is called for or insufficient context 
clues exist. 

APPROPRIATE TECHNOLOGY 

Unit II builds on the previous unit by having students apply the idea of appropriateness to 
technology. Technology is the use of methods^ systems^ tools^ and/or machines to accomplish a 
task. 

Appropriate technology is a fairly new concept^ although examples of its use can be found 
throughout history. By stressing small scale» cooperative approaches to problem solving on a local 
leveU appropriate technologies involve people more directly in meeting their own basic needg for 
food^ energy^ shelter^ waste disposal^ and transportation. The use of appropriate technologies can 
also foster the development of self-esteem and community self-reliance. 



28 



UNIT II: BUILDING YOUR SCIENCE VOCABULARY 

and 

WHAT MAKES A TECHNOLOGY APPROPRIATE? 

INTRODUCTION 

In your reading you will often cotne ^aoss words that you don*i \now. 

Read ihe paragraph written below* Then* iry lo define each of (he underlined M^ords tn 
the space provided beneath Ihe paragraph. YouVe roi exp^cied lo kno^h all of the words. Jusi 
do the besi you cant 

The concepts of «i\iron(ncm aj)d tcosi$ten> have been aiOund for a tottf Itme Htii onL> 
in the pisi fc^^ ywis have lh«c ideas b«omc fambw mojt people People ha\e be^un 
icalue lhat all Living thinES depend on the ecos>^(em to shhich the> belong Foi living ihine^ 
Id iUSliin »hemid^ci» »he> jeqgue a bealihy cnvijonmcn*- 



ecosy^trm OOTwCftjjjj /yi^ing '/^ififlS^ 



(Uitatn 



LEARNING NEW' WORDS 

Yon may noi have known the exaci meantnes of ihe v^ords underlined in ihe paragraph 
above, Yei >'ou were probably able lo figure oui a mei^.ung for each word ihai 'P^ you 
make sense of \hr. paragraph* 

Science ?;as iis own vocabulary or sei of wordv. To understand whai Is going on in 
science, you need lo know what ihe M^ords mean* Ln ihts unil* you \^ili lea;n ivio v^ays lo find 
oui the meanings of ne\i words* 

CONTEXT CLUES 

You Tnay have Hgured oui ihe meaning of a new word in the paragraph above by thinking 
aboui the uords and seniences around ii» This is called geiiing ihc meaning from CONTEXT 
CLUES* 

A CONTEXTis the setting m M^hich something is found. For example^ a jeuel/y s^or^ is a 
context in uhich rings are sold. A circus Is a contexi where you would expect to Hnd clowns 
and iraP<Jzts* 

Ulien you read> the CONTEXT is che words and sentences around a particular viord. 
The$e farrnllai words ahd sentences* called CONTEXT CLU£S> ^an often help you figure out 
ihe meaning of a word you do not recognise* 

Exampki Some sources of energy w&now use will not last fotev^r^ For^xampte* because the 
amount of oil left in the ground is finjif . we have lo Hnd other sources of energ> 
before it runs out* 



finite means: rmnn^i^ d^fmlt^id 



Suggested Directions for Unit II 

L Organize your class into group.^ of three or four students, 

2. Rei the "Introduction*' (page 8) aloud or have a student read it aloud. Ask students to work 
in their groups to define the two words listed beneath the paragraphs. When they have 
finished, have one student froni each group read the group's definition. Ask students how they 
knew or figured out the meaning of each word* 

Approximate time: 5-10 minutes 

3. Have students read "Learning New Words" and "Context Clues** (page 8). Go over the 
meaning of context and context clues. Ask students to read the Example (page 8) and define 
the word finite using context clues given. Discuss what clues they used to define Jinite, 

5-10 minutes 
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FAfttC'tSi: I 

Direawns: Your teacher will read the passiifc b«lov^ you. you tead afong* ihink about 
ihc meanings of the underlined ^or<ts When your teacher has tinis1ie4 reading, 
go back and underline the eontexi elues uhtch help yov Jefrne csch 
underhned word. Then, urite a definiiion for each underlined uord on the hnes 
rollowing the passage. ' 



APPKOPWATt: technoixk;^' » 

Michaet and Mara Lope; used to grov^ tne»( o>*n ^egeiable^ summe* ithen ihej 
lj\cd in a rural aiea. Tnen they mo\cd into a Hcond floot ar^rtnient on a bu&> Mrcci nettr 
dountottn Boston, Massachusetts. No more pleasant affernoons caimg fox the gaidexi No 
more freshly pKked vejetabtei for dinner e^ef) ntghi And no more saunps on groceries at 
ihe market Orsoihe) thought. untiMhe> hcaid about a groupof people ^ho had formed an 
organisation e^tled Eknton Urban Gardeners, ot HUG. 

With BUG'S heip. ^tlChael and Mana joined a communtt> garden prc^iect IcK'ated in an 
empty lot ;usT jjvebtocks fromihe»rapanment.D»ey ^erea^si^ned a len fooi square plot of 
land groMi ^haitter they wished. Follo^M^g ihe advice of more experienced members oT 
BUG. they first revnaiued the ^^om out earth by adding a la>er Of topsoil The- lopsoil came 
from rhe BUG triitnpost prFc. uhich had been ma^ from l^rrchen scraps. Ja^n cotimgs. and 
Ica^e^ normally hauled a^ay to the dump. By shoeing their BUG membership card at local 
hardwaie arj B^den sinres. they were able lo sa^e len percent on many of iheir hardening 
supplies Almost before they knew it. ilietr scoJs had spfomed. Wkthin a matter of week^ 
they ortce again enjoyii^ freshly picked salads. 



rural kwn^ jo do wrffi ihi CQtittfrt^ 



urban /TgyynQ Yudo wtH\ Ctfij^ 



revitalized 6rou^kf Ufk -fo hfc 



sprouted sjttrfed iojrc\^ 



exettasi: ii 

Directions* The resi of the story aboui Maria and Mtchael Lopez uses thctdea of approprr^fc* 
ness discussed in Unit I. 

Re^d the rest of ibesioiye^n ibenejd page. When you ^ord rhat stops ye^u 
because you are not sure of its meaning, underline the word and uriie ii on the 
lines b«IOw the story. Useconie^it dues to Hgu re out the meaning of the uord you 
have written, ^^'rite your meaning m the space lo Ihe right of each uord. 

w When you can't figure oul the exact meaning of a word from the contend cluc!^. 
write <^wn the best meaning you can. given the clues thai you have. 
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4, Ask students to read the directions for Exercise I (page 9), Then, read aloud the two para- 
graphs called "Appropriate Technology" which are a part of the exercise. Have students 
complete Exercise I in their groups. When they are done, have several students share their 
context clues and definitions with the class, 

15 minutes 

5. Ask students to read the directions for Exercise II (page 9), Have them read through the rest of 
the passage on appropriate technology (page 10), underlining words they do not know. Once 
they have finished the story, the directions tell them to try to define each underlined word. 
When the groups are done, have them share their words and definitions with the rest of the 
class* You may want to make a class list of words and definitions for later use, 

15 minutes 



30 
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LiLc Miehdcl And Mana Lopcf. all wtt(\ Tood on a daily basis ui orJcr to /cmain 
luone and healthy Urifonunatd). moJi Of depend on a t^etwork of pcopte and ^rvK«& 
s^Prcadoui alUcro^t thccoumryio ktep from ^mg himgry. For cxampte, acrei of wheat 
are i^roun by fanners in ihe Muh^eit, anJ (ben haivested, transported, cntltcd into ftour* and 
transjHntcd ag^n. finally to uppea/ as bread on your table. Many or(h« fruits and vegeiabte^ 
yoo tnjoy are gro*n m the oihef suiei and jhjpped »o you in rcfrjgCTated (fucJcs. 

In (he bsi few ycart ihi^ naitonwide food supply network has become more vulnet^bte 
and expiffjsue linccr^. laclc of rarn, smkci by farm i^orkefs 4nd kucicers, Probfem^ wnh 
high^^ay^, ani^ energy ^hottage^ have all contributed to temporary food shortage and higher 
prite^ ji the mjiVei Wmter *Aotm, flood*. ^6 eanhquaket oould have an e*cn more 
damaging effect in the fuiure. Ctearly, t^e need a more reltable system for feeding the nation. 

tatt use ipproptiate technology to help find belter ^aysio meet ihis basic human nted- 

lloiHiii Urban tjardcners (RUG) is an esartiple of people using appropriate techrtology 
itv mrti their i**n bd\it nceJ lor lood. H> usMig vavoni Jot* fron;> all over th* oty. making 
aitd Using i-ontpo^i pitc^. anJ talhng on tlhc latent^ and enthusiasm <A \x% meinbers v^el) as 
oiher local res(nir<es, llLC* hit^ guen people control ovex the ptoduciion of thetr o^n 
summer ve^eiable^ 



t'ndertin«d ^ord^ 



I>rfinj|]ort« 



A FOOO NEtWOftK 
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NOTE; The illustration on page 10 
may be discussed with students as 
an example of a food network* 
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LEARNING NEW WORDS: USING THE GLOSSARY 

Sdm«ijmcs you may not be abfe to And enough context c}u« to help >ou defme a v^^rd 
you do not know. Or you may nc^ to know ihc exact meaning or a word in OTdcr [o under- 
stand the senttnce or paragraph in which ii appears. Science iex[booU often have a small 
dictionary of new words ai the end* called a GLOSSARY* which defines %omc of ihe$c words 
for you. 

A GLOSSARY do«s not give >^u as much informanon about a vioid as a dtciionar) 
would, but it witi give vou the exact meaning of a word as your science book uves it. Using the 
GLOSSARY is a convenient way to learn nev^ wordj^ as you read. 



EXERCISE 111 

Ditectiorti: Below h a list of ^rds from the ^^Appropriate Tcchnolog>'** Sior). Find each 
word in the Gtos^ry on page 119. Write the deflnuidn given for each word on Ihc 
line next lo ii. 

Then, below each word, write a sen[ence or tv^o in which you use the new uotd. 
In your sentences, iry to include context dues which would hdp another peison 
define the word. 

Exomptei <foiiy e^ery day 

^ Sertitrtce: Ann viee<Jed the garden daily, because every dav iheic were new weeds 
growing amoiig the vegetables. 

L appropriate technology rmihcdsaf f^^esitnQ fiee£k ^fha^ {itihe sffuaito^ __ 



Senicncer (Shdo&s* answ^ wtH vanjA 



2* local 



Sentence: 



fCotitmtHtf an puiic !2t 
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6, Have students read **Learning New Words: Using the Glossary" (page 1 1), Ask them to turn 
to the glossary on page 1 17, and discuss what information is found in a glossary and how they 
can best use it. 

5-10 minutes 

7. Ask students to read the directions for Exercise III (page 11), and have them begin working. 
This exercise can be done individually or in groups. When students have finished* haye them 
share the sentences they have written within their small groups or with the class. 

10-15 minutes 



3, resources 



Sentence: 



* Q O :j □ ' CJ' 



Sentence: 



crisis ^ of doj^tr Or d tffgdi^^ 



Sen(*nc*r 
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Direcnons: &c1ow is a list of resouicei you use ai home. We can get and dispose of these 
resources ttsing lechnologies which are aPPioPriaie or inappropriate. 

To the left of ihb un ate spaces where you can check off whcfe the resource 
comes rrom. To the right of the list* you cart check off where you tiJispos^, or get 
rid of. each resource. 

Compteie as much of this chart as you can, checking off where each resource 
comes from and how ynu dispose of it. You niay need to ask your parents Tor 
help. You can also check package labels lo Hnd out where a resource comes from. 

Do lhe best you can.^lf you dp nor use one of the resources listed in your homf* 
or can't Hnd out about where it comes from or hov' you dispose of it, leave that 
pait of the chart btahk. 



mm Rt:souRCE use chfx:klist 



V^HFJtE RESOURCE 1^ PRODUCED 



WHKRE VOU DfSPOSIv qF 
RRSOURCE 





tM VODt 


t« 


tft Anollitr 
CoMBtfT 


lu.soi'Rcii: tseo 

AT HOME 






iWni 










Eggs 


















Meat 


















Bread 


















Dairy products 


















Fruns/vegetables 


















Hast*c b<Hilff 


















Glass bottles 


















Aluminum cans 




































EetiiliicT 








































































Oil 


















Coal 


















Natural i^/fifopw 


















_Sol;tf energy 
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8. Have students read the directions for Exercise IV (page 13)* Explain that students will com- 
plete the checklist in Exercise IV as homework, Go over the sections of the chart students are 
to fill in* Suggest that they ask their parents for help, and explain that they may not be able to 
complete the entire chart. We recommend that this be an ungraded homework assignment, and 
that the information students collect be used ta create a single classroom chart that summarizes 
their findings, or as the basis of a discussion about appropriate technology in the home. 

I5--20 minutes (for follow-up discussion) 
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UNIT !I SUMMARY 



LEARNING NEW WORDS IN SCltNCE 



You will often come across new ^ofdt v^hen rcadinf; your ^r^m:e mat«fiaJs. Tvio ^'^y^ of 
finding oui ^liai ihc^ words ntcan art using cotirex/ dws ^nj using the gtossttry of terms in 
your science book. 



Context Wuet aic familiar \^ofds and phrases in a ser^ence ctr paragraph. 

From ihtic words, you can often figure oui th^eaningof 
an unkiiovhrn word. 



The SihsinH' is a small dictionary in your icience book. It provides you 
wiih ihe exaci ntcaniog of ihe i^oid a* ii ts ustd in your book. 



APPROPRIATE Tt:CHNOLOGV 

Technologies are the methods. OMem\. lools. and machines we use lo accomplish a lask. 
Appfopiiate technologies^ 

* use local talents aiid resoufves^ 

* can be understood, crcaivd* opcratedi and repaired by the people who 
depend or them* 

* are usually ^mallei arid e\pcnsKe than more comPlieated 
tcvhnc>rogie\. 

Communities can ^« approprijie ivchnologies lo toivc thcit own problems and meet 
their basic needs 



9, Review the Unit II Summary (page 14) with students. 
Additional Suggestions 

1. Have students list local resources which could be or are now being used to meet their 
community*s needs. Have them explain how each resource could be or is being used. For 

^ example, crop and kitchen waste could be used for composting; backyards and garden spaces 
are suitable for gardening; and sunlight, wind, falling water, forests, coal, and natural gas^ 
deposits may be locally available sources of energy* 

2, Have students investigate one or more of the local resources described in their homework or 
the activity above* Students could find out: Who would they talk to about developing its use? 
What else do they need to know? How will they find out about it? 



M 





UNIT lU: READING FOR MEANING 



and 

PETROLEUM: HOW LONG WILL IT LAST? 



STUDY SKILLS 

Units III and IV introduce your students to several skills for reading science materials and 
taking notes about them. Most students faced with a reading assignment begin with the first word 
of the te;tt and read for as long as their interest or sense of duty carries them. Students rarely 
apprPach their reading with a systematic plan for learning from what they read. 

Unit III provides students with a four-step process which will help them become more 
lefficient and effective readers. Each of the steps and its value to students is explained below. 

1. SURVEYING: Skimming the title, introduction, subheadings, and conclusion of a 
reading alerts students to what the reading is about and prepares 
than for the details which follow. 



2.* READING: 



3. MAPPING: 



4. CHECKING: 



This step includes identifying the mairt idea or ideas presented in the 
reading and the details which support those ideas. Reading for the 
purpose of identifying main ideas and supporting details focuses 
students* attention as they read. 

Mapping is a method of taking notes that allows students to represent 
the main idea and supporting details of the reading in a graphic or 
pictorial w^y. Many students find that mapping is an effective way 
for them to organize information from which they can study, 
although some of your students may prefer outlining, presented in 
Unit IV. Mapping is an alternative method of note taking which is 
also useful to students in class discussions or presentations in which 
there is no clear organization, because it allows them to draw con- 
nections bettveen ideas as they arise. 

Students can checl^pthemseives on what they have learned in several 
ways, such as summarizing the reading, asking and answering 
questions, and discussing specific points with others. Checking helps 
students pull together the most important information in a reading 
and put it into words which are meaningful to them. 
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A NOTE ABOUT TEACHING METHODS 

We suggest that you have students work in groups as you introduce these skills. Working in 
groups lets students try out the new skills with the help of others. When students have experienced 
some succes:^ in using four-step method, you can structure assignments which ask them to use the 

steps on their own as they read, 

<^ 

NON-RENEWABLE ENERGY 

More than 90 percent of the energy currently consumed in the U,S, comes from non- 
renewable sources. Non-renewable means those resources which are consumed faster than they are 
replaced. Non-renewable resources include coal, oil, and natural gas deposits, which take millions 
of years to be replaced by decaying plants. Other non-renewable resources are uranium, 
geothermal, and some forms of hydropower. 

Unit III presents students with the picture of the planet Earth, and the U,S, in particular, 
consuming its limited non-renewable energy supply at a startling rate. In the past hundred years, 
for example, we have used more than half of the world*s estimated supply of petroleum, which 
topk more than a million years to form. Our remaining proven reserves of petroleum, or that 
portion of a known deposit which is profitable to extract, refine, and sell, are shrinking rapidly,* 
Proven reserves will continue to shrink unless new technologies can be devised which make 
extraction profitable. Unit IV will suggest the alternative use of renewable energy sources such as 
sun, wind, and water. 

You may need to keep the following Ideas in mind in teaching about non-renewable energy: 

K Conflicting numbers: The federal government and coal, oil, and natural gas 

companies all publish information about energy. Although 
the government often relies on these companies for its 
, information, numbers may vary from source to source. We 

suggest -that you rely on statistics published by the 
government, 

2. Updating information: We suggest that you update the numbers used in the readings 

in Units III and IV each year. This will also allow you to 
check the accuracy of the forecasts referred to in the units. 
One source for updating these numbers is the National 
Information Center of the Office of Energy Information: 
(202) 252-8800, The figures used in this unit come from 
the July, 1981 Monthly Energy Review and the 1979 
International Energy Annual both of which were published 
by the Energy Information Administration, a branch of the 
U,S, Department of Energy, 

3, Other fossil fuels; Information needed to rewrite the passages in this unit so that 

they focus on coal or natural gas rather than oil can be found 
in Appendix A, 



♦See Appendix A for an explanation ol the derivation of the figures on U.S. reserves as of January, 1982, 
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UNIT III: READING FOR MEANING 
and PETROLEUM: HOW LONG WILL IT LAST? 



INTRODUCTION 

Your &dcnce teacher ofl«n asks you to read chrough a chapter or some other materials on 
your own. A good ^^y lo sian h lo SURVEY tlit readimg. 

To SURVEY a reading: * look at the tttk of the r»ding, 

* look >t the headings and subheadings throughout the 
readings which are usually in darker or Jargcr prim than 
the re$t of the reading, 

* read the introduction and conctusion or summary* or the 
first and last paragraphs of the reading* If you are survey* 
ing a paragraph* read the first and last sentences. 

By SURVEYING a reading before >-ou read it^ you can usually find out what it is aboul 
and what- its main points are. Survcy-ing pfepare$ your mind lo take in the djtiatls presented tn 
the main text of ihe reading* 



EXERCISE f 

Piirctions: Your teacher will give you 2-3 r^inutes survey this unit* ''Reading for 
Meaning/* using ihe steps listed above* 

After you have surveyed this unit, use the space below to write thr«c things you 
expect to from reading the unit* 



1 EXPECT TO LEARN; 

J. Siu^fij^^' drt.cwafs Will u u^ . Fosstbie ^i^n^aver^ induda . 

/toiv -fir Hfte antm : -{o ioKs. nuipped lyjks i 

> g-'-^ ^ 

2, flow io ckedC cSitr rgodrMg . 
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Suggested Directions for Unit III 

K Organize your class into groups of three or four students. 

Z Ack students to read the ^^Introduction** (page 15)» or read it aloud as they follow along. 
Discuss as necessary. 

Approximate time: 5 minutes 

3. Have students read the directions for Exercise I (page 15). Give students two or three minutes 
to survey the unit individually* and then ask the groups to generate what they expect to learn. 
Discuss their responses* 

10 minuses 



READING FOK. MEANING: FOUR STKPS 

One ^zy of bccotnmg a more crfcciivc reader of science kKH>Ls and articles is (o us« a sci 
of Tour steps uhich help you find ihc mo&i important poinu in i^to reading. You have already 
practiced the first sicp^SURVEYINC, in Ihc Introduction to lln^ unit and in Exercise L 

The four steps of reMtng for meaning uhEch you m)) leain in this chapter are; 

SURVEY \ 

READ 

MAP , 
CHEt'K 

READING: MAIN IDEAS AND SUPPORTING DETAU^ 

Ojwc >'ou have surveyed a raiding, the second iiep in leadmg for meaning is to RLAIX 
As >ou read« you need lo identity tho tttavi and ^uftjHfrntiii dctuih of each p^ragr^jph oe 
section. 

The MAJN JDEA' is tho most imporiani jdca of tho p^^ragraph or section The 
rest of the paragraph or^scction budt around this eenteul idea. Tho mam idcM i^ 
often, but not akays. contained in tho firtt sentence of the Parajtraph or section. 

SUPrORTJNC DETAILS explain, p/ovc, or tell somtthinf abowi the main idea 
of the paragraph of^seetion. The> make the mam idea clearer oi gi^o more 
information about it. 

Idenzifying mam kleas and supporting dctatis as read uill'help you remember thc^ 
inipoitant informatton in your science reading. 

E\i}tvt7k: Find the main idea and supporting details in this paragraph; 

Boston Urban Gardeneis (BUGJ is an example of ptople u^mg appfoprtaie icchnologv 
to meet their oun baste need for food B> u^tng ^acanl loi\ from all i>^er theeii>. making 
and Usui? wihpost piltt, and ffallijig on (Jie ratcnii. and enthusiasm of iti. membcK a^ ^vll as 
oihei local resources, BUG I'a^ ^^eii pcopJc control *nef .the production of their ovt 
summer \egotabIts, * 

Mam Idea: BU<^ hejps pecfJf usg_^r;yyvg/^ j^ndc^ tj h^p^^Q^^- 

4i\ttf own jood 

Supporting details: loCaHfj used ^esca^ces mdade 



EXERCISE II 

Directions: Survey and ihen read the passage "Spaceship Earth*' gi\en on Ihc nc\t page. In 
the space provided, urite the main idea of each paragraph and list the detaih 
vkhieh supporl that mam idea* ^ 

l( ^ 



4, Have students read '^Reading For Meaning: Four Steps** and **Reading: Main Ideas And 
Supporting E)etails** (page 16)* Read the example (page 16) aloud, and ask students to identify 
the main idea and supporting details in it* 

minutes 

5. Have students read the directions for Exercise II (page 16) and complete the exercise in their 
groups* Discuss their responses when they have finished*. 

10-15 minutes 
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SPACESHIP EARTH 

Wben a sp^^htP bluis ofr kt must carry all the fud nwds^ for it^ e^iirc vt^yagc But 
the a5n(>uni of fud u can carry js bmitcd. Lkkc-^ spaceship, the planet Eajth has a hmited 
amount of fud available for me. 

Over ^« of the ener^ used in the VS. today comes fron) ftnite vource$ uith&n the 
e^ht such as coal^ natural gas, and petroleum. To make matters ^otstt ue are using them 
up faster than ntvt (teposus can f(>rm F(>f example* &t takes more than one mttlion years for 
<hcaytng pUnts and animals t<y become pctr(>1eum. In the last (>ne hundred >ears. ha\e 
used more than half of the known v^orld wpply of petroleum No one km^k^ for sure v^hen 
ue ukLI run out of non.renewable loutee^ of energy,, such as coal. otU and natural gai, but 
some people predict that kt wiL happen uithin >airr tifetime. 



Ptoraf^raph 1 

Nfain idea; 



The tar% js hkt a Sf>ac£St%tp 



Supporting details: - Spac^kip has jmlf^d fuel 



Paragraph 2 

Matn Idea: 



dre a&t*%Q fy> ener^u sources jader i^Wt CJih 
6c replaced 

Supporting defajJs: - most Merau w& USe is ftcn- rentiAiohk, 

jSfttes X rtWi^t yfitt/f for phfKfs and antwLfs 



* 

{asf loo ^eaxs weW as^ ftp nk^*-/fta*i hAtftf wot-ftJk pei>'okum 
- Some gypflrfe say wt wdi ru/\ cut of C*iergy m Jny tffkftme 




"ti* iiir* H* ruvt vmmaft t**nt lo tvn tnH btkfiw h4r* «h> Mirk " 



40 
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MAPPING 

Th« ihird step in rtadii^ for tneaning in scknct is takinS notes. Ta1ct(?g noie$ helps you to 
ke«p trvk of Ihe main ideas and supporting details you identify as you lead. 

MAPPING is one way 10 lake noies of whai you read. To make ^ tnap of your reading: 

* Rnd ihe*n)ain idea. Write ii down and circle it. 

« AS you identify supporting details, wrire^ ihetn on lines connected to your maizi 
idea circle:. 

Your m^p wilt look soniething like^ this: 

Wien you a/c doJift J^ur map will remind you of ihe most \mp<7TWCit pofnts in )^ou^ readii^. 
Example: Ekiow is one sludent's map of the second paragraph of "Spactslup EanhV 





6. Read "Mapping" (page 18) aloud to your students, or have a student read it aloud. Have 
students look at the example (page 18) of mapped notes of a paragraph from the "Spaceship 
Earth" reading. Discuss and clarify this method of note taking with your students. You may 
want to map the other paragraph of "Spaceship Earth" with your students if you feel they 
need more clarification. 

5-10 minutes 
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CXEROSE m . 

Dtreciiots: Read Ihc first two paragraphi of *'Thc hntfgy Crisis** bclow. In the space 
provided, make otc map that shows ihc main idea and suPpOKing details 
included in these two paragraphs. 

THE ENERGV CRISIS 

An energy erisis occurred in 19^3 when the Orfaniiaiion of Fetroleutn Exponing 
Countries (OPEC) announceO ii would no toniei sell oil to iht United States. This situation 
Dniy Usied for a feu months, but that was long enough to make Americans aware of ho*. 
much (bey depended on ihe couniries in OPEC for gasotme and heating oiL 

As a lesull of this crtsis. energy etpcns in ib: U.S. eame up v^iih a pUn to reduce out 
need lo mtpoii oil from other eouniriev. The experts said that if u e conserved oil and looked 
f(v- more petroleum in our own country. ^« coutd supply mo$i of our own by the year 2000. 
li seemed like a good plan at the time, bui *c t\ov, kno% thai it may ooi wOrk. 



MAP: 5hdtttt%' imf>s wtil va^ Beiow ts one j>csst<>iitff^ 




1^73 enefauC/tsts madt 
US (ccfC-Br 
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7. Have students read the directions for Exercise 111 (page 19) and complete the exercise in their 
groups, When they have finisheds ask two or three students from different groups to put their 
completed maps on the board. Discuss similarities and differences, 

15 minutes 



checking; 

Wh«Ti you have surveyed* read* and nkappcd a reading, ihc Hnal &icp is lo CHECK what 
you have learned. CHECKING helps you rcm«mbcf the most imponam points in the reading. 

You can CHECK >oursclf in ihc folto^f^ing ways: 

1) Ask yourself* "What ts the most Jmport^m jdca(s) 1 have learned from thts 
reading?** ^ 

2) Discuss the reading with other people who have read it. 

Dttecmns' Re-read the firu two paragraphs of "The Energy Crisis** on page IV. Theq* rejd 
ihe ncu two paragraphs bclow^ In the ^pocc prosidcd on the iicnt pa$c* I) map 
iho lasi tvko p.iiagrjphv .md 2) <heck >oiifselt on what you htine learned h\ 
wrHing two ot Ittrcc sentences tb.ii espbiii the mo^t important ideas ffom '*The 
r^iicrgy tnsis " 



r^acb ycaf the f S. uses about three billion barrels of \\% own oil. In 1V80 v^e pum(P«d 
J 14 hiltion barrels ol peimlcum oui ol ihe ground In I9SI we pumped billton bairels* 
jnd m I9tt2 vte rcnio^cd jnoiher 3 16 billion barrets. According lo U.S. gosernmcni fiKutes. 
our ptoven feseives. ot ihe amount of peitoleum left in the ground whkh can be sold at a 
piofit. had shrunk to only 294 billion bajreh by January I. 1982. 

II we coniinue lo use about 3 billion barrds of Our own pctrolcuin eaeh year without 
in^rea^nft our proven reserves. ttie> will be gone by 1992 Of course. Ihe discovery of ne.^ 
petroleum in ihif L) S goeson Ihtsenew, reservcsare4dded *oour piovcn re*erves* making 
M unlikel> <hai we will aciually run oui of peirolcum lo 1992 

Yet ihe supply of doinesiic (wtfo^um. a non-rencnable fcwurte. is limned. Manv 
people believe thai the U S. v^kll tuiioui of pt^troleiim wiihm theifcc^t ^e^eral decades. Al <hat 
point vte vtkll cither have to depend »n nther soutnriec tor oil ot sub^iiuie other fotms 
cncrg> 



8- Have students read ''Checking** (page 20) to themselves* Discuss ^student questions or 
comments* Ask students to read the directions to Exercise IV (page 20) and to complete the 
exercise in their groups* When students have finished* ask one student from each group to 
report their summary to the class* 



THi: (INKKGY CRISIS hmitnu^f 



4 
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15 minutes 
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). MAP of these luo paragraphs: Sfuderf dnsw^S vcutt. Behi^ iS Ohe 



2, CHECK on ^^The Eficff> Cfi*is"r 7Ae /?73 jS^S ^a^e'^<5^w^ 

of car /ii^e*ukti££ on olker couyj^^^sjor ctf Ike OS ^la^ -fp reduce 

def>Oidei}C£: wcn'f work b^am^ -fhe^ i^ni mou^i^ cJ t^-fi m 
^ U.S h mee^ our energy need^ pasi I^^Z tf we co^lmue oar 
pres^ rdk ofus^ 
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UNIT 111 SUMMARY 



READING FOR MEANING 

The rcur step method cf reading for meaning will help you learn ^nd remember mere 
from your science teading$. All Tour sieps ask you lO think about (he ijvtin ideas* cr mosi 
important points, in the readitvg, and the supporting desmfs which back (hose pomes. 

To read for meaning: 

SURVEY: Look quickly over che iitlcs. incroducticnf headings, and conclusion^ or 
first and last paragraphs or sentences. Surveyir^ c^lJ^ ycu what the main 
ideas of a reading are. 

R£AD: As ycu read, focus on the mam ideas at\jJ supporting ddails. 

MAP: Make a map ihjt shoves che mam ideas and supporting ddails. A map 
helps you keep track cf importanc information as you read, tl also gives 
you noic$ you can use laier. 

CHECK: Look Over your mapped noic$ and remliMJ yourself what this reading is 
about. Ask yourself. "What have I learned from ihis reading?*' 

NON'RENEWABLE ENERGY 

Most of the energy wc use today comes from non.rettewable sources such as coal* p^tro^ 
'leuin, and natural gas^ 

NON*R£NEWABL£ means lhat use these sources much faster than they re-form 
v^ithin the earth. We could use up our proven reserves of these limitetl energy sources wilhin 
100 years if we L^ntinue lo deP<^nd on Ihem for all of our energy nee<ls. (A proven reserve is 
the amount of a natural resource \vhich can be mined, processed, and sold at a profit.) 



9. Review the "Unit III Summary" (page 22) with your students. 
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UNIT IV: TAKING EFFECTIVE NOTES 

and 

SUN, WIND, AND WATER: HOPE FOR THE FUTURE? 



STUDY SKILLS 

Each, of your students learns about and understands the world in his or her own way* Each 
learning situation may require the student to use different study skills. For these reasons it is 
important to present students with a variety of study skills from which they can choose. Students 
can learn to judge which skill or skills they are most comfortable using and which skills are most 
appropriate to a particular learning situation. In this way, students can become more effective 
learners. 

This unit introduces students to two more note taking skills, OUTLINING and making 
DATA TABLES, While mapping, presented in Unit Hi, might be more effective for students who 
tend to learn best in a pictorial, holistic mode, outlining may be useful for students who prefer 
sequentially organized information* Also, students may prefer to use outlining to take notes from 
highly organized reading materials or presentations* ^ 

A DATA TABLE combines the orderliness of outlining with the visual connection of ideas 
found in mapping* Data tables help students organize large amounts of infonnation so that 
patterns in the data emerge. By making data tables, students can begin to see the "whole picture" 
as well as the way in which each part fits, 

RENEWABLE ENERGY 

Unlike the finite fossil fuels, renewable energy supplies are replaced nearly as fast as they are 
used. Unit IV introduces the sources of renewable energy and examines how they can be used to 
address the energy concerns raised in Unit IIL 

Most renewable energy sources draw on the power of the sun in some way. The following 
sources are discussed in this unit* 

Thermal solar energy is the direct use of the sun*s energy to heat air and water* 
Solar energy is used actively when electric fans or pumps are used to transfer it 
to where it is used or stored* It is used passively when no electrical or mechani- 
cal assistance is employed* 

^ Photovoltaics is the conversion of the sun*s rays into electricity when they strike 
a photovoltaic cell commonly made from thin wafers of silicon. When 
energized particles of light called photons strike the silicon, they knock 
electrons loose. The electrons flow into connecting wires, creating a current of 
electricity. 

" ^ Wind is the movement of air from high to low pressure areas created by the 
unequal heating of the earth by the sun, \^md power can be tapped by putting 
a sail or blade in the path of this moving air. As the wind pushes against this 
barrier, it causes an axle to turn. The resulting energy can be used to perform 
mechanical work such as pumping water or turOing an electric generator. 
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Hydropower results from water falling onto a paddle wheel or blade. Often^ 
water falling from high to low elevations comes from moisture evaporated from 
oceans and lakes by the sun and deposited at higher elevations when it rains * As 
the falling water turns an axle* the energy it produces can be used to generate 
electricity or to perform mechanical work. It is important to note that although 
the falling water is renewable, dams built to harness hydropower have a life 
expectancy of 50 to 200 years. 

Biomass is the energy stored in growing things. Whenever vegetation receives 
solar energy, the process of photosynthesis locks it away in the chemical bonds 
needed to form carbohydrates. Wood, garbage, and other plant materials can 
be burned or converted into methane, a burnable gas, or into alcohol, a liquid 
fuel. 

In 1979, a report published by the Solar Energy Research Institute (SERI) concluded that 
energy conservation and renewable resources could play crucial roles in Americans energy future. 
The report says that imaginative use of available technologies to improve the productivity of fuels 
in short supply along with widespread adoption of technologies which use renewable resources 
constitutes the cheapest, fastest, and safest strategy for rebuilding our country*s energy base over 
the next 20 years. 
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UNIT IV: TAKING EFFECTIVE NOTES 
and 

SUN, WIND, AND WATER: HOPE FOR THE FUTURE? 
INTRODUCTION 

In Unit til you learned ihal mapping helps yoa ke«pirack of Ihe important information 
as you read. Vour map also gives you a record or the reading whkh you can study iater^p 

This unit will show you two othrr ways lo take noles. OUTLINING and making DATA 
TABLES. 

After you have used all three forms of note taking for some time, Vom may find that otic 
seem& lo work be^i for you. You may also find that each way of taking notes is more useful at 
some times than others. 

To dixover the bcsi way for yoti lo take notes in science, you need to experiment with 
several ways. This unii will help you do that. 

NOTE TAKING TIPS 

Vou have already [earned several important skills which will help you take notes. 

1. KEY WORDS — You don'i need lo wrtie your noces in coml^ete sentences. 

Wrile only ihe key words and phrases whkh teli you the main 
idea and important details. 

2. MAIN IDEAS AND SUPPORTING DETAILS — Take notes only on the main 

ideas and important details, Don*l try to write dOwn everything 
in Ihe reading. 

R^memtvrT Your notes are for yout Take notes tn y<^^' ovctx \^'Or<i%, so that they make 
sense lo you. You may want to use some key words from the reading, but be Sure 
yon understand what your notes say. 
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Suggested Directions for Unit IV 

K Read the *' Introduction" (page 23) aloud^ or have a student read it aloud. Discuss the idea 
that there is no one right way to take notes. Different note taking methods may be best for 
^ different students and for various learning situations. 

Read **Note Taking Tips'* (page 23) aloud, or have students read it aloud* Discuss each tip as 
necessary, ' 

Approximate time: 5 minutes 
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Dit^ctiotis: Head the paragfaph Mow usin£ the four sirps youlcafnedin Unii III; SURVEY^ 
READ. MAP. CHECK. 

Ktep in mind the note laking tips on page 23. Us? the $pacv boiov^ for your map. 

REN£WABl£ ENEIIGY 

In 1961, ih< Sobr Energy Research lnMitutc(SERl^v^totc a report uhi^h sttggeMcdHO 
^unon^ lo ihe pfobtem of American dcpcndCFW on o»t shipmeni^ from other countrjc^. 
The SERl report saU) ihit b> conserhing energ>, ot bcmg mote careful of how ihe> uw 
Amcrkuk^ could uie 1c$^ nbcte> Ckrry >e^. It also found that Americans could meet 
front 20^f lo 30^f of iheir energy needs by using renewable energ> sources such a$ the ^un, 
Wind, and water. Renewable eneig> £ouices are leplaced almost as fai^t as ihc>' are used 
Accordms to SERl, these t>«o loluiion^ could end America^ need to tmpori oil by the year 
200a 

MAP - R£N£HABl£ ENtlRGV 

pojf^ai^a^ NcU maf>'^ mcte. Ccm^ky V^ion T^ose pr&sej^cd 

earfttr M book 
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2. Organize your class into pairs. Ask students to read the directions for Exercise 1 (page 24) and 
to complete the exercise with their partners* When they have finished, have two or three 
students put their maps on the board. Discuss the results. 

10 minutes 
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OUTLINING 

Sometimes mapping is not the mo$i u$erul way lb organize your notes. OUTLINING is a 
way of takiiU notes thai shows ihe order of events or details as ihey appear in your reading. 
The rotm for ouilining is shown below. 

OiraiNC FORM 

I. Main ktea 

A. S^p]>ofting detail 

B. Supporting detail 
C Supporting detail 

II. Main idea 

STEPS FOR OirrUNING 

Follow the steps below for taking notes in outline form. 

L Identiry the main idea and supporting detjuls or a reading or paragraph. 
. 2. U$e a Roman numeral to list the main idea. 

3. Use capital letters to list the details which explain or i^upport that main idea. 
Indent each capital letter to the right or the Roman numeral to $ti it off Trom the 
main idea* 

4. Repeat as neefted. 

Exampff: Befow is an outline orihe paragraph you just read and mappedabout "'Renewable^ 
Energy/* 

1. SER1 round ways to sloP U^. oil imports by 2000 
A* Conserve energy - save 25V* 

B. Uie renewable energy sources for 20^ to 30^ of what we need 



F.X£ltClSC II 

Directions: Read the rest of the pas^e on renev^able energy on the ne^t page. Write your 
notes about the reading in OUTLINE FORM in ^pa^ provided .-iftcr the 
reading. Parts of the outline have been filled for you* 
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3, Reaif ''Outlining** and ''Steps For Outlining*' (page 25) with your students. Have students 
look at the Example (page 25) and compare it to their maps of the same paragraph* Ask them 
to describe any similarities and differences they see* 

5-10 minutes 

4. Have students read the directions for Exercise 11 (page 25) and complete the exercise in pairs* 
When students are done* ask several to put their outlines on the board. Discuss, keeping *n 
mind the note taking tips on page 23. Or, have each pair join another and compare the outlines 
they have made, 

I5~20 minutes 
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M^^t ijt ihc rcn^^bk «ncrg> lourcc^ v^tuct) hofd such promi^? AJI of them use the 
po^cr of ihc jun m one ^J^ay or another. Unhke OiL coaU or n^iura) they are quick1> 
replaced no milter hon much Of them >^e us< 

Sa/tff ertetgy i( one renewable iOurcc. Therm^ iOlar power ukj (he nm"% rai>s to 
produce heftt (br hocne&i'0(lice&. and Khooh, It c^n al^o be u&ett to heat uater. The SERt 
report cshmare^rhatihe U S could colJei^j ^ 9*#lo4,5'# of iKener^y from thts source by the 
end of the ceniury The an^i ra>i citn aI^o be turned mto elccmcit> Ihrough the u» of 
phptlAVkdiCS PhOlmc'.^K e]ier^> could pro^uk a hltle thanon^ pctcent of our enerjry 
needs b) the jear 20(K> 

The pOwcr of the ^-tntf can also bc h^rnei^ to piodtKe efectricit> Or to 60 riicchtini^aL 
work hke pumping v^aier ^^'1nd pov^ct could &upp1> w ^-^^ of our enct^> b> iht >C!ir 
20W. 

//^{/'fi/HJMtv Ihv encTfv conMmed iri faJhng walei ll eOutd stipp1> ^noihet 4 S^o lo 
5 J^t of out eiierp\» mO'.iK in the foriu Of elcClrKU> 

The renevkJbW cnerizv w)urCe ^^^^h Ihe tttOs^ polen^al is /jjwjwss Bjomas*. is ih^ enerji* 
eOniarn^ tn grov^rng ihjn^^ WtXK} amJ farbjff 3mJ orher pfant maiefja] can burjied to 
produce hcai Th^ C4in 3\io bc turned iUM methao^^ a burnable: ^d^^ or into atcohoK a hqmd 
fuel I i\tt^\ fiom bu>ma« <ould suppl; f 8*t 10 13 of ow Cfletgy ne«ds b> (he end of 

tJlCCflltUf) 

OUTLINE (Siudef-it Cuffines w/// \m}L Before iS OnQ possibfc a^Vi^e 
of ^hts rtadt/yi y 

I. Reti<;\vabk eJurrgy J ^ 

A, ..A^^-^S.'g.^tf^^ ^ 



II. Solar etieTgy 

i 7?te/m<tf solar - usts suiis raqs heaf a^d hcf Ccui<^ 

pnov/^c 3<^/o^45ji of our e^tr^yj 
B PhcfovcihtcS - "ft^^S suns raas irxfo ^QCir*aiu fXan f>fx>^td^ 

III IVmc^ pcwEK ' 
IV: Htjd^opcwer 

C Ale/^€ jas W a/a?;<oi' t 7 - i$ '? 7o of cos e^er^tj 
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DATA TABLES 

Some readings prncnt you with many Tacts about several relate^l subjects. You ntay want 
10 take notes on these readings thai show connections between the Tacts* as mapping does,, and 
that organize all the facts in an orderly way, as outlining does. One ^ay to do this in one set of 
notes is to vAake a DATA JABUH from the reading. 

A cfata table is a chart which shows the data or facts in the reading. An example oT a data 
table oT the third paragraph of the reading. "Renewable Energy/* is shown below. 



SOURCES OF RENEWABLE EvERGY 





Uses 


- Lowest 


Hiflhe»t 


Thcnnfft $olaf power 


heat* hoi water 






Photov 1 


electncity 




k%t than 
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5, Read "Data Tables** and **How To Make A Data Table** (pages 27-28) with your students* 
As you read. ** How To Make A Data Table,** refer back to the Example on page 27. 
Emphasize the uses of a data table and clarify the steps for making one- 

^ 10 minutes 
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HOW TO MAKt: A IMTA TAhLV. 

A DATA TABLE nto^l useful for taking »oTc^ on readings )^U\ch gt\e you ^cvcial 
different pieces of tnformahon about each tclaic^ topic. ToUou ihc ^icp^ Mov. lo make a 
data labk. Look ai the evampk on page 27 >ou read through the Mep^. 

I. On Ihe left hand lide of your pajxi. identify and \\m the /oprt\s about whieh you have 
te^eral diffeietii pitxe^ of tnformatioti 

In Ihe £\iJfvptf pupe 27. the^c lopjf.^ arev^ofar P^'uer and phoio^ohaicv. 

2t Along Ihe lop of >out paper^ uriie the kiiKi\ of fnfi^fimmui you ha\e aboui each 
topie. 

In ttie Exatapic on page 27^ the infoTniaiion >ou ha^e about each energv ionrce is its 
u%<r. the tmatleM poreentage of U S <;nerg> ne<;d^ it could tuppK\ and the largesi 
l>^rcenia&e of energ> needs tt could suppt>. 

y Dnitt lines betwera T«pje\ lc> niake/^mi and bfiween kinds cf mforniairon lo make 
< iiUimiis 

4, hit m ihi^ infOfittQUOit ahoul t*^ch tt.pic in the apPtoPnait bove'.. 

In the twiM;;A" on page 27, thermal solar poi'-er r ui<;d for heal and hot v^aier, and 
phu1o^ohalC |X\ucr %\ ^^cd for ekvtMv'it> 

y Gi\e youT DATA TABLL a ut*e thai explains uhai jnformaiion jt eoniains. 
The tille of the daia table the Luntiftji' n ''Sources of Renewable I;nergy " 



Oif*^ti(m\ Re-read ihe ihii^- pdMguphs of "'Rcik^ttable Energy" on Page 26 In the 
\pjec prmidcd heNm. mjke a dji*r of j^e jnforniaiion in those thiec P^tra- 
gijphs 

f oilou the ^teps iKted Jh<>^e Unc the L\ttiti/>fi* on Page 27 as a modcL 



; (title) 



Entf^ source* 



Poujbtf ^« of U^. enerxj it 







L<mcsi 






efecf^tCfitf 




?.o 
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6. Ask students to reejd the directions for Exercise III (page 28), Point out that the data table they 
will make is a continuation of the one presented irrthe Example on page 27, It uses the same 
column heads and adds three rows* Have students work in" pairs to complete Exercise llh Ask 
several students to share their data lables with the class, or ask two pairs^to compare the data 
tables they have made. 

10 minutes 



— 

EXERCISE iV 

Direcnorts: Sufv«y and read "Renewable Energy and Appropriate Technology*' below. 
In the sp3u:cs provided on the next page: 

1) Take notes on the Hrst two p«fagraphs in either MAP or OUTLINE 
'ortn* 

2) Take notes on the last thie« paragraphs by maktr^ a DATA TABLE of 
the mrormation. 

y) CHECK yourself by writing a one or two sentence sutntnary telling what 
you learned from ihii readlr^. 

RENEWABLE ENERGY ANO APPROPRIATE TECHNOiX)GV 

Wh«n icchnologies use non^rencwable $oiirces of energy* Ihey are hmtted in ^ver^ 
ways. To begin with, oil. coal* and natural gas are usually removed from ihe S^ound in far 
away plim. often in foreign countries. They mMst be shii^ great <Jjstances in order (o 
reach us. This malies Iheni nkore e^tpemJve thai) they would bejirthf^jweteaviilAble locally. 
Non-renewabie energy souices also face shonagcs and sudden eutoffs which can bring the 
icchnolofks dependent on them to a iXttp, 

As non^renewable resources grow mote scarce* they wtl) become, more and more 
expensive. One day in the not^^lUtani future* the pfoven resetm may ran out. From (hen 
on* the technologies whkh used them be usdess. 

Appropriate technologies c;v<>id these limitations by diawingtheir power ftom renewable 
energy sources whenever possible. For example* consider the differences between a house 
heated by a non^tertewable fuel like natural gas and a suniUr house heated prtmarily by the 
sun. The house ttstng natural gas for heat depends on a constant supply to stay warm; If 
there is a'shortage of natural gas caused a very cold winter or by a shipping problem* the 
gas heated house may become too cold foreor*ifort (fits supply runs out before the problem 
Is solved. The solar heated house* on the other hand* cannot be eut off from nS main fuel 
supply for more than a few days it a ttme. 

The owner of the gas heated housewitlhave:o spend moreand more money for itatural 
gas every year, Tlie cost goe$ up as the proven reserves of natural gas get smaller and the cost 
of shipping increases. In contrast iht house equipped 'vith solar technology has small* 
stable energy costs. The owner of the solar heated hou*e will only have to spend money for 
heat during periods of cloudy weather. 

The day will come when the natural gas reserves are nearly gone. On that day theowner 
^or the gas heated house will have to replace hU or h£r gas flred furnace with a more 
appropriate technology. Chances are ix will ran on renewable energy. 
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7* Ask students to read the directions for Exercise IV (page 29), Have students complete Exercise 
IV with their partners* When students have finished, ask several students to share their notes 
with the class by putting them on the board* Or, ask pairs to compare the notes they have 
taken* Discuss with students theipexperience in using each form of note taking* 

15-20 minutes 



54 

37 



J) MAP or OUTLINE of piranphi J anc ^\(Studet^ ma^ djorf asffints ^tlf vartj.j 



MAP: 




2)- DATA TABLE or paragraphs 3, 4. and 5. 




KM or httt \n luHnt 


Shoftiffs tnd <utof fs 




'> 

future 




Mftu je/ ioocD^d if 


Gois <ip <^S 
shrtn\ and 






bft*i he cuf off f<^ 




7h^ Witt ^^/wfljis 

f 



3) CHECK? (Siudb^ Jiuwfifs ivr// yg/y j Appn^rtc^^ fpchntJojt^i USA 



r&^waU^ enaqy somi^^ because, ^eij Cozt /gss^ '^gy art aJkom^ 
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UNIT IV SUMMARY 

TAKING NOTES 

Th«re is no one righl way to takt notes, Dirftrent nou taking meihods are approprtate in 
dirrmnt sUuaiions, You may be more comrortable taking noies in a ceriain way. 

The imporiani part of taking notes is to record the main ideas and supporting details m a 
way that makes them easy for ycu lo understand and remember. 

TiPSv 1, Only write down key words and phrases* noi complete sentences. 

2> Take notes on main ideas and supporting details. Don't try to record every^ 
, thing. 

3. Take notes in your own words^ so that they make sense lo you. 

OUTLINING 15 a way of takmg notes that showa xtti order in which events happened. It 
» can also show whkh supporting detail comes before another. Thts is an OUTLINE FORM: 

I. Main idea 

A. Supporting detail 

B. Support ]r% detail 
C Supporting detail 

It. Mam idea 

Making a DATA TABLE is helpful when a reading give* you several piece* of infomia* 
tion about more than one topic. The data table shows you how each topic 's the same oc 
different from the others. A data table might look like thts: 



RENEWABLE ENERGV 



Energy sowc* 




AdvutAto 


DlMdvuu>cc« 


Thermal 
solar power 


heat 

hot water 


small, fixed costs 
usually available 




Hydropower 


electricity 


small, fixed costs 
retieuable 


have to be near falling 
water ' 


Wind power 


ekctricity 
mechanical wotk 


snxall, fixed eosts 
renewable 


need ^ind 



RENEWABLE ENERGY 

The Solar Energy Research Institute (SERI) believes that the use of renewable energy is 
one solution to our energy problems. By the year 2000^ 20^« to 30^ of our energy needs 
could be met by usir^g renewable energy sources, of which we have a nearly unlimited supply. 



Jhe renewable energy source* with the greatest promise for the future are: 

1) thermal solar energy — diivct use of the Sun's rays, 

2) photovoltaics — using the sun to generate electricity, 
J> wind power — harnassing the pow of (he wind, 

4) hydropower — using falling water to gyrate energy, and 

5) biomass ^ using the energy stored in growing things. 

Appropriate technologies use renewable energy whenever possible to avoid shortages and 
cutoffs. Renewable energy is replaced almost as fast as it is used. 



8, Review the Unit IV Summary (page 31) with your students, 
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UNIT V: MAKING JUDGMENTS 

and 

HOW DOES TECHNOLOGY AFFECT THE ENVIRONMENT? 

STUDY SKILLS 

We often ask students to make comparisons and judgments in science. iring and 
judging are complex processes which need to be broken down into simpler steps jdents to 
master. » 

This unit presents students with two considerations involved in making judgments or 
decisions. First, students learn that they need facts in order to make sound decisions and that facts 
are different from opinions. 

Second, students are introduced to the use of criteria to help them judge different sets of 
facts. They are asked to rate several energy technologies using a given list or criteria. 

ENERGY AND THE ENVIRONMENT 

All technologies have some impact on the environment. Appropriate technologies, however* 
tend to have fewer negative effects on the environment than other technologies. Environmental 
impact is another factor in evaluating the appropriateness of a technology. 

This unit presents students with a set of criteria for judging the effects of five different home 
heating tedinologies on the environment. Students are asked to use tbese criteria to rate different 
methods of home heating. The criteria given are: 

1. The technology should have minimal short and long term effects on living things. 

2. The technology should not nake the environment look or smell unpleasant. 

3. The environment should be able to recover quickly from the impact of the technology. 

4. The technology should produce little waste material. 

NOTE; The facts provided for students in this unit provide a basis from which students can 
begin to make judgments about the relative effects of different technologies on the 
environment. However, the facts are inconclusive. No one yet knows enough about the 
long term effects of these technologies to make absolute judgments. One of the purposes 
of this unit is to help your students begin to see how difficult it is to evaluate the long 
term effects of technologies. 

In Exercise I, your students will probably be frustrated by the lack of criteria with which 
to make an evaluation. Even with the additional information provided for Exercise III, 
your students may still experience some frustration with the lack of criteria and facts for 
making a judgment. As you will see on page 43, there are no ''right'* answers to this 
problem. When students raise concerns about their frustrations, help them to see the 
need both for clear criteria and more facts to solve this problem more adequately. 
Explain that such information is not yet available, and encourage them to continue to 
seek the information needed to make decisions about these technologies in the future. 
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UNIT V: MAKING JUDGMENTS 
HOW DOFS TECHNOLOGY AFFECT THE ENVlRONMENf? 

INTRODUCTION 

Tt;( apprgprfatcxKts of a technology dcpcn ls part on how it affea^ the ENVtRON* 
}AEHT in whkh it is uied, 

Ttke ENVIRONMENT includes ail of (heiarni, waicr^ ap<l living things (plant s » aittm^'s^ 
P«op)c) in anorca- fn the desert, (he cnvironntnt ntctiules sanct, air, cacti, snakev, peopk, etc. 
On the coast of Jcdand. tlie en>ironiruml includes atr. snow, ice. tundta, sc^ls. fish, etc, 

A technolo^' is mo^t appropriate when it does not hurt or ctiange \\k environment. 

Directtotis: Bdow are sk^ches of five houses. The houses very much tht sam;, Fivtr 
people five in each, and tach \% de^iigne^ ant* insulated in tht same way. Each 
house I* heatid in a different way, Tlie worcJs untSer the drawings tell what form 
of encTMv technology is used heat each house. 

On the line provided below each houst. rate each house as to how its energ)' use 
affects the envlromnent. Use ^ ^cale of 1 to ^he houses, A rating of I 

means the house's heatinj; sysicm doe^ lO hurt the eitvtronment, A rating of 
10 means the system t^oes jreat harn to [h« environment. Use the numbers I 
through 10 to show how much you thtntt the eiiergy use tn each house affects the 
environment. 




Suggested Directions for Unit V 

h Organize your class into groups of three ur four, 

2. Ask students to read the 'introduction** (page 32) to themselves. Discuss the concept of 
environment with students, giving other examiiles of different environments or asking students 
for examples. 

Approximate time: 5 minutes 

3. Have students read the directions for Exercise I (page 32). Clarify the rating system if it is 
unclear to students. Emphasize that each of the houses is to be rated individually, not in 
comparison with other houses. 

Ask students to complete Exercise i in their groups. Because students are not yet given the 
specific criteria with which to make their judgments at this point in the unit, they may find this 
exercise frustrating. Do not give students more than 10 minutes to complete Exercise I, 

After 10 minutes, ask one student from each group to report the group*s ratings. Ask students 
on what basis they made their decisions, and what might have helped them make a better 
judgment about each house, 

15 minutes 



MAKING JUDGMENTS: FACT AND OPINION^ 

<iid you decide on i ra[in| for each house in Exercise I? Did you have the mforma. 
x^Ztt you nee<ted lo make i good decition? 

Makinggooddiokts or judgments often depends on having the/^cf. Without fac[s. you 
may end <ip b^lng your choice on opittson only, 

A /act IS something (even[s, '^ytit^ of infonit&tion, daia) which is accepted as true. 

An opttttott is a person's idea or behef. Pcopfe may have differcni opijuons or inier- 
pfeta[tons of the same e^ent. data, or cKpenence. 

Exmttptc: Fact. John has brown hair 

Opjnton- John's hair is beauitfuL ' 

Fact: The sun v;i!l s«t ai 7:02 p.m, 

Optmon My view of the sunset is berrer than yours 

exi:hcj5e n 

Otrecttons- Below ^Te five sentences aboui strip mining for ^al. Each sen[ence is either a faci 
or an opinion. In the space provided ne><t to each sen [ence. write/mif you ihink 
it is a faci, or opinion if you think i[ is an opinion. 



fact 



I Stnp mining is the least e^petisive way to remove coal from the earth, 

2. The ieast expensive way h always the best for everyone, 

3. In s[np mining* sojI and rock are sirjpped away thai the coal can be 
co11ec[ed. 

4. It of[en takes thousands of years t)efore dry area^ ihar ha\c been s[rip mined 
re[urn to their na[UTal condnion 

Oj&^njcru $. Coal is the most valuable resource in the U,5. today. 

MAKING JUDGMENTS: USING CRITERIA 

CiKe you ha^e found the fans ^^hich will help >'ou m^ikea judgmem* >ou need a way of 
comparing them \i is useful to develop CRITERIA or starnJards agains[ which >'oucan judge 
youf in formal ion 

EAQtnpte: Belo;^ are 4 cnteno useful in judging how dLfferen[ kinds of energy lechnologj* 
affec[ the environment. 

J . The rechnology should have li[[le immediate or long [erm effect on living things. 
1 The technology should not make the environment smell or look unpleasam* 

3, The environment should be able to recover ^uFckly fjom [he technology. 

4. The technology should noi produce a toi ^f was[e maienal. 
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4. Have students read "Making Judgments: Fact And Opinion** (page 33) to themselves, or read 
it aloud. Go over the Example (page 3i) with students. Ask students to generate other 
examples to indicate their understanding of the difference between facts and opinions, 

5-10 minutes 

5. Have students read the directions to Exercise 11 (page 33) and complete the exercise in their 
groups. Have groups compare their responses. Discuss as necessary, 

S-W minutes 

6. Read "Making Judgments: Using Criteria'* (page 33) aloud, or have a student read it aloud. 
Then, read the four criteria in the Example (page 33), and discuss these as standards by which 
different technologies can be judged, 

5-10 minutes 
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£Xe:rcisb 111 

DircctiorR: Your k»:h» wjII *ive you some facts about wch house you rated in Exercise L 
Each let of facts tntladcs infotmauon about ihe eff«is of the energy technology 
used on Ihe envi;onmeni. 

Read ihc information aboui each house. M a group, tale each house again on iis 
effcci on Ihe environment. This time, use the fact* you have been given and the 
criteria hsted abo%e m making yowt judgments. Put your ratings beloi* ibc houses 
beloA;^ . 

U» Ihc same fating system >ou usetttn Ei^ercisel to rate the houses Onascateof 
I (o 10. I means a house ihat doe; liiiLe to damage the environment, and 10 
means a house lhat harms ihe envjfonmeni a gfeat deaL 




NOTE: As explained in the Note 
on page '10, there are no "right** 
answers to this exercise. The answers 
given are suggested, based on the 
facts available but also on opinions. 
You may want to use ihese answers. 
Or, you may want to evaluate the 
five houses yourself, and use the 
rankings which you generate. With 
either option^ what is important is 
that you help your students under- 
stand both the need to evaluate the 
environmental co^s of technologies 
and the difficulties in doing such 
evaluation. 
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Ask students to read the directions to Exercise HI (page 34). Distribute the information about 
the houses, found on the following pages, to the groups. You may want to give each group one 
copy of the information and ask them to share it. This promotes listening skills and group 
cooperation. Have extra copies to give to students after the exercise for later reference. 
Emphasize again that each house should be rated individually, not in comparison with the 
other houses. 

Note that the information given about House A suggests that electricity could be produced by 
fossil fuel or nuclear fission. Students should base their judgment about House A on whichever 
form of production is prevalent in their area. 

When students have completed Exercise III, ask a student from each group to present the 
group's ratings. Compare group results and discuss similarities and differences. Refer students 
back to the facfs in the readings and the criteria in the Example on page 33 if they find wide 
discrepancies in their judgments. 

Ask students if they needed still more information in order to make good judgments. Explain 
that such information is not yet available, and encourage students to be alert to further 
information about the effects of energy technologies on the environment. 

20 minutes 



■ 43 60 



t 



HOUSE A 



This house has electric resistance heating. It uses approximately if ,000 kilowatt- 
hours of electricity a year. At the house, it produces no pollution or waste. But electricity 
must be generated in some way. If coal, oil, and natural gas are used, the pollution and 
other harmful effects will be similar to those described for Houses B, C, and D, 

If nuclear fission is used, there is a small amount of highly radioactive waste 
produced each year which must be stored away for hundreds or thousands of years. 
Otherwise, it could cause an increase in diseases such as cancer and leukemia. Permanent 
ways of getting rid of or storing the waste are being studied, but at present storage is 
usually at the power plant and considered ^'temporary." 

The power plant (where the electricity is produced) gives off no carbon dioxide, no 
nitrogen, no particles. However, water used for cooling purposes is often returned to 
nearby rivers warmer than it was when it was taken out. The change in temperature 
affects the plants and animals in that part of the river. 



HOU$£ B 

This house has an airtight coal buming furnace. It uses four tons of anthracite coal, 
which produces two or three times as many particles in the air as the wood used in House 
E, The coal also produces large quantities of sulfur oxides, which combine with water in 
the atmosphere to form sulfuric acid. This acid corrodes metal and stone surfaces. When 
it rains, the sulfur oxides and acids are washed into lakes and streams, increasing the 
acidity of the water. The effect of this increased acidity is not yet fully understood, but 
scientists believe it may damage the plant and animal life in these bodies of water. Small 
amounts of carbon monoxide are also produced by this coal burning furnace. 

The mining of this coal, usually by underground methods rather than strip mining, 
can be dangerous the miners. It can also lead to underground fires in abandoned 
mines and cause acid runoff into streams near the mine. 



HOUSE C 

This house has a gas furnace. It consumes 1,400 hundred cubic feet of natural gas 
each year, which produces little pollution where it is burned. 

The production of natural gas creates several kinds of pollution. It damages 
vegetation in the environment and makes the air around tbe production plant unhealthy 
to breathe. 

Natural gas is also highly Htmmable. Producing and shipping it create the risk of 
explosion and fire. Gas is shipped as liquified natural gas, and extreme care must be 
taken as it is unloaded to be sure that no leaks occur. 
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HOUSE D 



This house is heated with oil. It consumes 1,000 gallons each year which produce 
small amounts of sulfur oxides and carbon dioxide when burned. Offshore drilling of oil 
and spills from tankers carrying this fuel pose danger to the plant and animal life of the 
oceans. The danger is not fully understood, but oil is absorbed into the bodies of marine 
animals and is known to cause cancer. In Arctic regions, an oil spill could blacken ice, 
causing it to melt more quickly. This could cause widespread climate changes, 

HOUSE E 

This house has the same amount of window glass as the other houses, but there are 
no windows on the north side. These windows have been moved to the south side of the 
house. This house has been positioned so that trees and bushes will not block the south 
side in the winter. This allows the house to make full use of the sun^s energy. Leaves on 
the trees provide shade in the summer. 

This house use^ wood burned in an airtight stove to provide back-up heating. Two 
cords of wood are used during a typical heating season. This amount of wood requires 
the cutting of several trees and causes pollution in the form of particles of carbon and 
carbon monoxide. These particles may make the air difficult to breathe. They may also 
cause cancer. The particles wash out of the air when it rains, darkening snow and tree 
trunks. The carbon monoxide changes to carbon dioxide fairly quickly. Carbon dioxide 
contributes to the ''greennouse effect, which will be studied in later units. Many scien- 
tists predict that an increase in the carbon dioxide level of the atmosphere will raise the 
world's temperature and trigger worldwide climate chang**s. 
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UNIT V SUM 4ARY 



MAKING JUDGMENTS 

To ^akc $006 Je<:isions or judgments, you need 10 have /am so iliai yout decision u not 
based on optmon alone. 

A fact IS someihing which is accepted as uue. Daia you gather in science are facts. 

An opinion is a person*s idea or belief. Once you have facis ot daia. you can make 
inlerpretations 01 form opinions 

You also need to ha^^ cntfrta which serve ^s standards against which you can judKe ihe 
f^cts >ou Sdlher, Facts give you ihe mformatjoii >ou need- CrHena help you uw Ihe facts 10 
make judgmenis or decisions. 



The i^nvirftnment is ihe land, water, and living thiixfiS in a particular area. A tCv.mology is 
most appropriate when it does noi hurl or change the environment. 

Four cnicn;* for judging whether or not a tcchnotoj^y is appropriate in its effecis on ihe 
CMviri>tilTV:ni are: 

I . The technology has litde short or long term effeet on living things. 
2 The technology does not make ihe environment smell or Look unpleasanL 
J file emiroitinvni can recover from the technology qu<clily. 
4. Ihe technology docN i^^^t produv'e a lot ot wosie material. 



8, Review the Unit V Summary (page 35) with students* 



APPROPRIATE TKCHNOLOCY AND THE ENVIRONMENT 
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UNIT VI: WORKING WITH GRAPHS 

and 

HOW CAN WE USE ENERGY EFFICIENTLY? 

STUDY SKILL 

Graphs are often used in science to present a great deal of information in a simplified form. 
Like the data tables presented in Unit IV, graphs allow students to make comparisons and Judge 
relationships among several different pieces of information. Graphs may be especially useful for 
students who tend to learn best in a visual or pictorial mode. 

This unit introduces students to circle graphs^ bar graphs^ and line graphs as three ways of 
presenting information. Students are asked to read, interpret, and in some cases, construct gr\phs 
about efficient energy use. The additional suggestions at the end of this unit provide students t^ith 
more practice in making graphs, 

ENERGY, EFFICIENCY, AND TECHNOLOGY 

This unit-suggests that efficiency is another consideration in using energy and technology 
appropriately. 

Students are first introduced to the concept of entropy. Entropy is a law of thermodynamics 
which states that all systems tend toward randomness and dissipation of energy. The form of 
entropy described in this unit occurs in the process of conversion from one form of energy to 
another* During this process, energy is dissipated and therefore wasted. If much energy is lost in 
the conversion process, the technology being used is not efficient. 

Circle graphs are used to show students the relative energy losses invCilved in several methods 
of energy conversion, such as fossil fuels converted to electricity ard oil converted to heat. Circle 
and bar graphs are used to indicate how different sectors in our society (residential, industrial, 
etc*) use energy, A line graph illustrates the amount of energy used by these sectors of society 
between 1950 and 1978, 

NOTE ABOUT INFORMATION IN THIS UNIT 

The Teacher^s Guide to this unit contains extra information about the data used in Exercise 
IlL This information can be shared with students before or after the exercise, if you feel it would 
be ?iseful for them at that time. 
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UNIT VI: WORiaNG WITH GRAPHS 
and 

HOW CAN WE USE ENERGY EFnCIENTLY? 

INTKoDUCriON 

Look «t the sto ch bdow. 

Jn ihe space provided w» page 37, exptain what you think this device does. Then \\%\ two 
lhat are WT<mft with thu devke. 
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Suggested Directions for Unit VI 

K Organize your students into groups of three or four, 

X Ask students to read the "Introduction" (page 36), Have them identify what the device shown 
<ioes and what is wrong with it. When students are done» ask several of them to share their 
ans\Vers with the class. Discuss how the device works and how energy^ tjme» and water are 
wasted* 

Approximme time: 10 minutes ^ 




This device 6f tn& *fl^ \^m/iM 



Two things wrong with this (kvice are: 



ENTROPY AND EFnCIENCY 

[n the E>Z Window Opener in the Iniroduction* human energy from someone's arm is 
turned into rtKchanical energy to open the window. Bui some of the energy used to pull down 
the shori lever had to be used to Ijfi the side of the bucket> Some energy was used lo overcome 
friction, or the resistance thai occurs when two objects rub together. This energy did nothing 
to open the window, [t was turned into heat, and did no work. This loss of energy as it 
changes from one form to another is an exarrtple of EhfTROPY. 

It is impossible to convert energy from one form to another or transfer it from one i^acc 
to another without losing some> But some technologic:s waste more energy than others. If 
mtich entrop>^ occurs* the prpcess used to convert energy is not EFFlCIEt^. 

This unit will show you how informaiion about energy efficiency can help you decide 
whether or not a technology is appropriate. 



EXEItaSE I 



Directtons: The picture on the next page represents a common way to burn oil to produce 
etectricLty. The eleciridty is then used to heat water. Entropy occurs bete, )ust as 
it did in the E-Z Window Opener. 

The paragraphs below the (Mcture describe whf ' happens in the picture. Read the 
paragraphs. Each time you come to a number in parenthe^ ( ) in the para> 
graphs, vhtite that number in the appropriate place in the picture. Each number 
shows where entropy is taking place. 

When you are.done* answer the question belo»* the paragraphs on page 38. 



{ 
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3* Read **Entropy And Efficiency** (page 37) aloud, or have a student read it aloud. Discuss with 
students the meanings of entropy^ efficient^ friction^ and converted* 

Ask students to read the directions for Exercise I (page 37) and to complete the exercise in 
their groups. When they have finished, discuss their responses to the question (page 38) of how 
- to avoid entropy in the conversion of oil to hot water* 

10-15 minutes 
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COUP N f ^ 




OIL TO EIECTRJCITY TO HOT WATER 

Thfcc gatlom of otl must b< burned ai the po^er pl3nt to ddivcr ihc energy of one 
gallon of oil 10 your hou^c Two*tlurd^ of ihc energy in ihc oit u lost when it convened lo 
e)ecrr>cii> i/^^poned to your home. 

When oil w burned* only a pan of the heat goe^ imo the water at the po^er ptant Much 
of the btAi goc^ upthechinmey (ix and somegoe^ loheat the coniamer hddmg the water 
(I) A^ihewaterchangmojtcani. K>meofmheit;^us«dtohemthepir<^npa^^»ihrough 
<3) When ihe steam lurn^ ihe lurttnei w myA avercome friction (4), Energy also u^ed to 
overcome friction a& n tum^ rhe armatitre (51 the ekctriciiy creai<if in the generator 
^ travels ihrough wires from the po^cr plant lo your houses some of the elecirtciiy e^capes 
from Ihe wires inio ihe air (6). Some heai^ ihe wires (Th At your house, most dectrtcity you 
rccctve IS used to heai the water. 

Each check represents entropy, Explairt orte ^hay you might be able to avoid energy loss in 
ihe process ihOM^rt above. 

Shuiefif answers mI{ ygrtj Accef>t Cm^_iie^or\abte OnSivgr. Ahf^ ihcd 
gfjs/^m ^ ti /S Sttil onLt ckbtut effia^ Ih^ be^ waij io 
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ierIc, 



GRAPHS 

M you mty have alrcfldy discovered* sd«]ice oRen uses numbers as a way of expljtinLng 
importani ideas* In order to cootpare Ihe numbers* they are sometimes organised inio 
GRAPHS. M you fouitd out in Unii V« you can become ^ better dccisloti maker by 
comparing facts* 

tWe are several difreretit hiiKts or graphs. This unii will show you how lo r«ad and u^e 
CIRCLE GRAPHS* BAR GRAPHS, and LIN£ GRAPHS about energy erficiency. 



CIRCLE GRAPHS 

Circle graphs* or piecharis* are one way or presenting inrormaiEon so you can see it ai a 
glance* 

Each circle graph equals all, or 100^* or whatever it is showing* The circle can be divided 
to show parts, or percentages of the whole amouni* 

ExamPic: This circle graph shows what portion of the oil burned in the power plani isactuallV 
uAed to heat waiet in your home* 



67% 




OS«Kf 



* Tne whde circle* 100^** is ihe amourM of tnctgy ihe power plant 
starts with. 

* The shaded area rcpresenu the portion or percentage of the energy 
lost in the process* 

* The unshaded area shows the portion or peicenia^Te of the oil 
actually used lo heal yotir water at home. . 
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4. Have students read ''Graphs** and **Circle Graphs** (page 39)* Go over the Example on page 
39 for clarity. ^ 

3-5 minutes 



lERiC. 



51 



68 



i:xFttci$i: II 



ns: Below arc circle graphs which show hovy much energy is actually used and how 
much is lost i^i Hve diffemK technologies. 

\) Shade the **«n«tgy Joss** section or each graph. 

2) Wnte in the percentage of energy loss on each graPh. 

3> Anr ver the questions on the next page which ask you to compare the icch^ 
notog^ .hown in ihe graphs. 





Avt jge fossil Tuet converted to 
electricjiy 



Oil (converted to heat) bttrned 
in a fajriy efncieni furnace 




Steam engine (*aier converted to 
mechanical energy) 



9*/> gsed 




Gafohn« burned m an auiomobife Natural gas converted lo heat in 

(gas converted to mechanical a Tairly efficient furnace 

energy) ■ 



'ID 



5. Ask students to read the directions for Exercise 11 (page 40) and to complete it in their groups. 
Go over the answers they have written for the questions on pa^c point out that every 
conversion ^''ocess involves entropy, but that some processes are more efficient than others* 
Discuss what students can do to become more efficient energy users* • 

IS minutes 
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QUESTIONS 

1. How much energy is actually uwl when oths convcrlcd to heat? . 

2. How much energy a lost when tkatural g3S is convened to beat'* . 
Whtch energy lechnotoEy shown on page 40 ts the most efHcient (wastes (he least enerSy)? 

sfe^t^ engmg 

4 Which iwo technologies are the least effKieni'* __^QSo/'n^ homed 

aa/pnto6jfe Oil bufn^ jjj fiumce^ 

5. Explain one way you could cut down on your use of one of itic leasi efficient energy 
technologies shown on page 40. Siudtni a^isw^^ wtlf vgjnj 



CKF.RC1SE in 

Oirecmns. Betou is some information about (he amount o: tnergv us«d and lost by dirfereni 
sectors or society in the U.S. 

Using the circle next to each of informatton^ make a circle graPh that shows 
energy used and lost in each area of society. Then, shade in the section of each 
graPh that shows how much energy is tost o 



I. Residential (home) energy' use: 



76*^* used 
24 "/-b lost 



I. 



1 Commercial energy use (stores. 76*^0 used 
restaurarts. schools)- 24^^'<> lost 




y Industrial energy use: 



4 Transportation energy use 



y Generation of electricity: 



60».« used 
40<ro lost 



22To used 
It^tt lost 



used 
67*^0 lost 



4t 





ADDITIONAL INFORMATION 

The residentiai secior uses energy to 
heat space and water> to run appli- 
ances such as stereos, lamps, and 
dishwashers, to pump water for wells 
and swimming pools, etc. It uses the 
following percentages of these fuels: 

Natural gas 39.5% 

Fuel oil and kerosene . . 21.6% 
Propane, butane, etc. . . 5.9% 

Electricity^. 32.9% 

(From Patterns of Energy Consumption 
in the U.S.f Office of Sctence and Tech- 
nology, ExecutiveOfficeofthePresWeni, 
Washington, D.C., 1972. Note that these 
percentages have not changed significant- 
ly since 1972.) 

The commercial secior us&s energy to 
heat space and water and to run 
lights and appliances. 

The industrial secior uses energy for 
a varietyof manufacturing processes, 
such as fabricating plastic, synthesiz- 
ing chemicals, producing glass, 
smelting copper, producing steel, etc. 

The iransporiation secior uses energy 
primarily in the automobile^ but it 
also includes trucks, buses, ships, 
diesej driven trains, trolley cars^ etc. 

The zeneraiion of eiecirkiiy can be 
from coal, oil, natural gas, hydro- 
electric power, geothermai power, oc.^ 
nuclear fission. In 1982, the percen- 
tages of each used to generate elec- 
tricity were: 

Coal 53.2% 

Hydropower 13.8% 

Natural gas 13.6% 

Nuclear 12-6% 

Petroleum - 6,5% 

(From National Energy Information 
Center^ Department of Energy.) 



6, Have students read the directions for and complete Exercise III (page 41) in their groups. 
Again^ discuss with students ways in which they might reduce their energy use in those sectors 
in which they have a role^ i,e,, residential, commercial^ and transportation, 

10 minutes 
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BAR GRAPHS 



Each circle graph shows you one set of mforniatJon at a iimr With a BAR GRAPH yoM 
can compare several ditttrtni pieces of inrormatior accorJing to the same >tandard. 

In a BAR GRAPH the standard i* presented along ihe left hand side of the paper. y\ie 
pieces of informaiion are stiown along the bottom. Each bar $hows where along the standard 
the informaiion falls. 



Exampit*: The bar graph below shows some of the same information prescnied on ihe circle 
sraphs in Exercise HI, page 4L h shows Ihe perceniage of energy lost in each 
sector of society. The bar graph lets you compare [he efflcle^cy of energy use *>f 
the different sectors. 

l(m ^ 
W^i - 
80^ ^ 

^ of energy 60*V - 

lOM 

50^* - 
JO"* - 

ion - 

^ 




Sector Oi st\iily 



• The left side the graph is diMded mio percentages of energy losi. 
This is the standard. 

• The bottom of [he graph shows each seeior of soctety ihat uics 
energy. 

• Each bar shows ilir percentage of energy lost in each sector of 
society. 
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7. Ask students to read "Bar Graphs" (page 42), Work through the Example on page 42 with 
your students^ clarifying what each part of the bar graph represents. 

5-10 minutes 
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EXERCISE IV 



Otrectfon^: The bar graph bdow jhow* ihc actual amounU of energy each «ci<m* of $ociety 
uses. The kft side of the graph i% divided into trillions of BTUs, or British 
Titctcnal Units. A BTU tsihcamouni of energy needed lo raise the lemperaiure of 
one pound of water orie degree Fahrenheit. Each bai shows how many BTUs each 
icctot of society use». 

BdOw the (Taph are numbers which tell you how many BTUs of energy ^re lost 
by each sector of society. 

^ Using this information, shade in the pari of each bar thai will show how much of 
Ihe (Otal energy used by each sector of socieiy is lost. The residential secioi bar 
has been done as an example. Then, answer the questions about ihe graph on 
page 44. 



TfiUion^ of 
BTUs 



20 - 



IS - 



10 



RNERGY tiSED ^\ SCCTORS OF SOCirrV 
19,344 



10,342 



used 

bst 



m 



weqf 



13,927 



18,132 



lost 



J" 



J' 



.0* 



Resideniiai sector 
Commerctal sector 
Industrial sea or ^ 
Transportation s^lor 
Elect riciiy generation 



Sccior of society 
Eoefg> lost 
^% 

40% 

n% 

. 67% 



m trimotis of ^TUt 

2,486 

1,701 

7J37 
14,763 
ILI43 
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8* Have students read the directions to Exercise IV (page 43), You may want to go over the bar 
graph for Exercise IV with students before they begin the exercise so that it is clear to them* 
When students have finished, discuss the responses they have given to the questions and the 
implications of the information on the graph for their own energy use and choices* 

I J minutes 
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QUESTIONS 

1 . Which stciof of iocicty u«s the mosi cncri^y? _ 

2. Which 5<c(of of iociciyuwi the Itaii energy? iro^o*1ahcyi 



3. Which iwo scciofs of soacty «re icasi efficient in iheii energy use? jyctJ^po^Miei^ 



4. Which two srctofs.of society use eneigy most cfficimilv? fesidc^tft^l 

roif^y^eradui 

LINE GRAPHS 

A thifd lypi of graph is a LINE GRAPH. A line graph is bmU on iv^o sets of infof- 
maiion, one presenred along the left side or veritcat axts the fSAph. and one shOun atong 
the bottom or hornorttai axis or the graph Each POini on (he graph shi>v^s you two pieces or 
inrormaiion. 

By connecting related points on a hne graph, you can see ho>t me information changes 
Oier time or is related to other information 

txQmplf The lii^^ graph below shows the ^jnouni of energy used in the residential and 
commercial sectors of societ> in the U*S. beimn 1950 and The graph is 
explained on the next page. Loch at the graph as you read through this expl^ination. 



30 



£0 



Quaa« 



10 



t950 



t9S0 



1970 



1980 



9. Have students read ''Line Graphs" (page 44). Go over the line graph ?res(*nted in the Exair ^ie 
on page 44 and the explanation of the example given on page 45. Be sure students can locate 
and read the horizontal and vertical axes cf the graph. Ask students questions about the graph 
to be sure they understand how to use it. ^"'or example: How much energy did the residential 
and commercial sectors use in 1970? 

W minutes 
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En'^ltnttion 

• The left side (vcfticjil axi») of ihc gi^ph shows energy use in qua<ls. A quad equals one 
quadrillron BTUj). 

• Iht bottom line (honiontal axis) of ihe graph shows Ihe years *ieiween 1950 and 1978. 

• The tine on the gratjh shows Ihe change in ihe number of quads o( energy used in the 
rc^ikniia] and commeraal sectors belwcerr |9^0 and 1978. 

To Hnd oui how much energ>' ihe rcudeniial and commercial secior^^ of society used in any 
one year« Mnd thai year on the horizonial axis of Ihe graph. Use a siraight edge lo find ihe 
place on Ihe tine directly above ihe year on the horizonial axis. Mark lhai point. Then* use 
a straight e<lge lo ftnd the point on the \t/lical axis directly lo Ihe left of the poini yco 
have marked on the hnc. That numbifr on the verikal axis is the number of quads of 
energy used in ihe KStdentia] and commercial sectors in the yenr vou are looking at. 

For example, m 1960, the rctulenlial and commercia] secK^s used about 8 quads of energy. 

EXERClSt: V * 

Dtftcitony The graph below is similar to Ihe graph in the Exumpieon page 44, except that il 
shows energy use in four different seciors of society: residential and commercial, 
industrial, transportation, and elecindly. 

Look over the graph to sec v^hai it tells yju> Then, use the graph to help you 
answer Ihe questions on page 46. 




Ouad» 



1950 



45 



1970 

in<hiHri«l «no o^iKf >^n«ous 



1960 



10, 



Ask students to read the directions for Exercise V (page 45) and to complete the exercise in 
their groups. When they are done, discuss the answers they gave to the questions on page 46. 

15-20 minutes 



0Ui:STIONS 

I * Which sector uitd (he mcKl cncf gy in |97&? 

2. Vi,%ch SKtof u&ed (he least cncig)' in \91B1 reStd^ltdt 0)^4 CQn^r\€*ucJ 

3. About ho\v many quads of^ncrgy did the tiansportation sector of society use in 19^0? 



4. Which\ccioi of society had ihc biggc&t increase in energy u^c between l%0 and W^t 
(Subtract (he r.umber of quads of energy used in#960 from the number ustd m 1978 The 
>eetOr in v^hich (he number ts biggc&( increased hs etier^y use (he mint ) 

eJed^tCai vitjthe^ 

5' Explain one thing (h^' U.S. might do (o decrease us energy use m the s«aor of socte(y 
vihich usei the mtKt energy. 
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UNIT VI SUMMARY 



GRAPHS 

Graphs arc pictures ^htcti let you sec a lot of information ai once. Graphs also help you 
compare pieces of information so you can make decisions or jttdgmenis about ihem^ 

CIRCLE Graphs are circles dividect inio parts. 




.62% (Mtly kni 



Bar graphs put mfor*^ mion into a form that lets you compare. 



energy 



50V* 

20Vt 
lOTt 
0 



Reudcndat Commercial 



fnduitrtal 



Sector of lecscty 

LINE Graphs prescm the chanige^ in in formal ion <^ver time. 



20 



10^ 



Tr»t)4ponaiion 



Ol ^ 1 J F 

1950 1960 1970 1980 

ENERGY EFFICIENCY 

Efftcieiury is an imporiant comidcration in judging the appropriateness of a lechnology 
arjti choosing whkh technology is appropnaie, 4 

When convening energy from one form to anoihcr« energy ts ofien losi through 
ENTROPY, Energy tue is most efficteni wnere the teast entropy occurs. 

All sectors of society have some entropy. The most eniropy occurs in ihe iransportatfon 
and etecirical generation sectors. It is in ihese sectors especially ihai uc must develop more 
ef ftctent energy use, 

47 



li. Review the Unit VI Summary (page 47) with students. 
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UNIT VH: SOLVING PROBLEMS 
/ and 
HOW MUCH DO TECHNOLOGIES COST? 

STUDY SKILLS 

Most scientific disciplines require students to solve problems. We ask students to begin with a 
question or problem and to generate an answer or solution* But most students lack systematic 
ways of approaching £tnd dealii^ with the problems they encounter. They tend to depend on a trial 
and error method and to **free2e'' when their usual approach is ineffective* 

This unit leads studoits through a five-step problem solvir^ strategy. Each step in the 
sequence is a skiU in itself; together the steps provide students with one way of solving problems in 
science and in their daily lives. The five steps are presented below* 

1, POSING TH£ QUESTION: In this step, students analyze a situation and defin? 

the precise nature of the problem in the form of a 
question, * 

2* StLECTING DATA: In step two, students identify information needed to 

solve the problem and pl^n how to get it, 

3, GATHERING DATA: In this step, students carry out their plans to collect 

' ' information needed to solve the problem, ' ^ 

4* ORGANIZING DATA: In step four, students organize the infotmation they 

^ have gathered, possibly into tables or graphs* Organiz- 
ing the data allows students to see patterns that can 
help them answer their questions* 

5* DRAWING CONCLUSIONS: In this step, students examine the organized data and 

try to come up with an answer to their question or a 
solution to the problem posedjn Step One* 

Unit VII t .kes students through these five steps* If you find students lacking in one or more 
of the skills which comprise the sequence, you may want to create additional opportunities for 
them to practice these skills, 

A NOTE ABOUT LEARNING STYLE 

, The strategy presented in this unit is a linear one, consisting of a logical sequence of 
processes. There are two important qualifications to keep in mind ^nd to share with students when 
working on this unit* 
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1. Different problems may require different problem solving strategies. No one problem solving 
strategy will automatically equip students to sotve any and all problems they may confront. 
Ideally^ students will eventually learn several strategies and develop, the skill of selecting an 
appropriate strategy from a^number of alternatives, 

2. Not all students will be comfortable with or perform well using a linear^ logical strategy such 
as the one presented in this unit, although it is still a valuable process for them to learn. Some 
students can come up with a solution to a problem but are unable to explain how they derived 
it. Others may simply **know'* the answer through some kind of intuition. Still others may be 
adept at solving visual problems but be at a loss in approaching problems stated in words. 

There should be room in the science classroom for the student whose problem solving' 
strategies are non-linear. Any strategy for solving problems which produces accurate results is 
worthy of recognition, A goal in science teaching is to make students a^jvare of several alter- 
native problem solving strategies from which they can choose the one best for themselves and 
most appropriate to the situation. This unit presents one such strategy, 

UFE CYCLE COST ANALYSIS AND APPROPRIATE TECHNOLOGY 

Life cycle cost analysis takes into consideration not only the initial cost of an item but also 
the cost of using^ maintaining, and ultimately replacing it. Products which are durable and reliable 
are favored by life cycle cost analysis because they tend to have lower maintenance costs and last 
longer* even though they may cost more initially. 

Technologies are more appropriate when they use materials which are durable^ i.e.* expected 
to last a long time* and reliable^ i,e,, have a minimal need for maintenance and repair. There is 
often a direct relationship between the durability of a technology and its degree of complexity. 
Because less conjplex products and machines have fewer moving parts* they tend to last longer 
than more complex technologies. 

The bicycle* the example used in this unit* is itself an appropriate technology for traveling 
short distances. The unit takes this observation one step further and asks whether some bicycles 
are more appropriate than others. Students are presented with a variety of data about two 
different bicycles and are asked to organize it in a way that permits them to draw a conclusion 
about the appropriateness of each. Criteria for judging appropriateness include first cost* life cycle 
cost* durability^ and reliability. 
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UNiT VII: SOLVING PROBLEMS 
and 

HOW MUCH DO TECHNOLOGIES COST? 



INTttODUCnON 



Your icAchfir vvill «k itirov or you to fcad ihc conversation belovv aloud. As you listen 
and follow jUong, think about vtrhat Lisa*s problem is and how she might go about solvicig it. 
Arter the conversation has been read* write your ideas in the space provided, 

L1$A*S PROBLEM 

Mother: Lisa, the local nevtrsp^p^r called today co say that your application Tor a v^kend 

paper foute has been approved, 
Lisa: Oh, thank goodnesst I thought they*d never get around to calling me, Hovtr soon do 

I have to let them know I vvant it7 
Mother: By next Monday, 
Lisa: Tfiat's no problem. 

Mother: WetL* \ don't know, Hovv do you plan to deliver all thoie papers evety weekend? 
You knovv I won*t be abie to diive you around the neighborhood in thecai, and it's 
too much vtralking v^ith ^\ that weight, 

-No 

Lisa: I've got that a{I figured out, Mom, I can take some money out of my savings 

account and buy a new b*cyc]e with it, 
Faiher; Now hold on,' You*re iuppcwl to be saving that monry 'or college, 
Lita: Oh,Dadncanreplaceit out of the money team from the paper route, plus put in 

a whote lot more. 
Mother: Just how much do you plan on spending Tor this bicycle? 
Lisa; Well there*c this great ten speed on sale down at the Bike Hut for dnly S140. 
Mother: Oh, Lisa! That*s way too much money to spend on just a bicycle! 
Ljsa; Come on* Mother! Jt*s a great bjke! 

Father: Wait a minute, Lisa* how much did the paper ^y you woutd earn if you take the 
route? ' 

Lisa: Almost S3 a I know it*s not that much at first, but it goes up each year, 
Howie Lar£en*s already making S4 a w«vk and its only his third year. 

Father: Well, tet*s see. That makes SI56 the first year. If you add on the cost of a bicycle 
license and normal maintenance, it in\\\ take over a year to earn back all the money 
you want to take out of your savings account. And that doesn't count the interest 
you would earn ir 'jm left the money in the bank, * 

Mother: Why (ion*t you find a used bicycle for less money? That way you*d make a profit in 
the first year. 



Suggested Directions for Unit VII 

L Organize your class into groups of three or four*^ ^ 

2. Have students read the "Introduction** (page 48)/|Ask three students to read the conversation 
between Lisa and her parents aloud for the whol^^class* JJave students answer the questions 
found after the conversation. When students have fj|iished« ask several of them to explain what 
they think Lisa*s problem is and how she should try to solve it* Encourage tbem to think of 
problem solving in terms of a sequence of events. Keep track of their ideas on the board* At 
this point, accept al! student answers as possible approaches to the problem. 

Approximate time: 10 minutes 
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Ui«> You're probtbly ft|hi* Mont. Bui I'd raiher noi ri(k around town on sontc old 

heap. That's too depre&sint even to think about. 
Father: Lisa. I fhink you need to investigate this idea inore carefully befof e we can make a 

decision. Why don*! we talk about it again in a Tew days after you've gathered the 

necessary inrormauon? 

Lisa: Do I have to? 

Mother: I think it would be best* Lisa. 

Lisa: All ^i^ht. I'll see what I can do. But it won*t be easy. 



What is Usa's problem? Sfud&d answer v/tfl t/oiy Ai^ept Ontj 



How should she go about solving it? . 



PROBLEM SOLVINC? 

.Imagine trying to get somewhere you have never been befofc without a map or a set of 
directions. You wouJd wander around not knowing which way to turn ot how far to go. ir you 
were lucky* you might end up where you wanted to be. but you would have wasted time and 
energy along the way. A map or direakms would hdp you |et there much more easily. 

problem solving is the same way. You stan with a question, and you end with an artswer. 
If you have a map or a plan for solving the problem, you will be more successful at finding the 
answer. 

In *hjs unit you will learn one possible plan you can use to help you solve problems in 
science. The plan is made up of these fi^ : steps, each of which will be explained later in the 
unit; 

^ ^ POSING THE QUESTION 
SELECTING DATA 

GATHERING DATA ^ 
ORGANIZING DATA 
DRAWING CONCLUSIONS 
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Have students read **ProbIem Solving** (page 49), Explain that this unit will present one 
problem solving approach that will be useful in science and in their own lives but that other 
ways of solving problems may also be useful to them* 

5 minutes 
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SO 



SrEF ONE: POSING THE QUESTION s 



V 




Ia the fifM 11^ in Pfoblcn u)l>ipt> >ou hut to tjlc vcn on ttx proMcm Jmi i 
fiitftntVKitf Hitf tftfi Mtht tirfM ^hfrc TiriAi Voomtftt imi* ft^r^ (Ji^t^iii you 



)n iTnit ^. you ItvMd ili^i ii «i* uwful to Itivf CTMCtu'in mjkxit ju4|iAfliti CfURU 
i/c ir»o uwful m rul^t t? p'ob^fiH In lot^mt Liu't pfoM#m, t Icy tmcnoo h <ht 
life c>ck CDit of ihr l>K>flf ihf will bu> 



LITE CVCLE COST 



Ttw Art! ftcptn iolnnt i P^otirFr.. IImAp nio >ootwjf. ^'Ultii cx*ctN ^ t »irvt lo 

find 



£h*ttt*cni Rf rcid thf conicmtmn on Nfti bff»«fi Itu hrr f4icfii> Then 





ikOfl »uh^ou froMr to^l^tdc ci4;il> i^hir I iMi'> Problem n Utiic the P^oWth 
iht foin> f Ovtiiion on tht Jinn btJoH 



Thr fj/c ttfftcofi 0i the pfodvct or cniEtiiiw tt tvo» mticbti »ilt<Oit^u»nt thtfinu thit 
rum^nf. itui c^cntiult^ ftpf^ct H vhfn it «fi/4 out 



^uitt>tf — II Uii t bn^ iimc^ viid 

/ttiotk — It ^^n'l iHfd much itiuntcntncf of rcjhur 



A HcltMlot^ *> B>4rf fp|3ro|iriik if ih liff <y<k c«4t n lot^* thu tt^ ff H ti dutAbk and 
tefubff Liu aa^i GtvS ovt lhc>c$c »iU hi^f tht ioirtft tifc c>ck <osf to tlui sh« cui 
t^iKc (hf monf> (he wiU uif cut of h« binli Ktouni v wtt\ v poiutk 




4, Read **Step One: Posing the Question" (page 50) aloud, or have a student read it aloud. 

5 minutes 

5. Have students read the directions to Exercise I (page 50) and complete it in their groups* When 
they are done, ask one student from each group to write the group's question on the board* 
Help students select one question to serve as the basis for the rest of this unit. If none of the 
questions will serve, help them write another question, drawing on as many ideas from tJie 
group-generated questions as possible. 

No one question works best in this unit. We suggest, however, that the question you choose 
addresses Lisa's parents' . concern that thettnoney she withdraws from her savings account to 
buy the bicycle be replaced as soon as possible* One possible question is; 

Which bicycle — new or used — will pay for itself faster? 

Groups may generate questions such as: 

Which bike is best for Lisa to buy? 
Which bike is the better buy? 

Students need to understand that such vague questions will make their search for an answer 
difficult* The question must include some criteria for judging the relative merits of each bike 
so that students can identify the information they will need to draw a conclusion* Stating the 
question clearly is crucial for effective problem solving* 



6* Have students read '*Life Cycle Cost'* (page 50), or read it aloud, Be sure that students under- 
stand the terms first coSh fif^ cycle cost, iiurabie, and reliable. Ask students for examples from 
their own experience that illustrate these terms* Point out that this section provides students 
with specific criteria, or, ways of judging, which ml! help them solve Lisa's problem* 

5' ft) minutes 



!0 minutes 
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STEP TWO: SELECTING DATA 

Now th^it you know what the problem is and have stated it it» ih« form ofa question, you 
arc tfAdy for the tiext st«^. 

iryou had to travel all the way acrou town to a Triend's house where you had never been 
berore. you would need tnronnation in order to get there. You would need to know names or 
streets, turns to'biake. and distances to travel. 

Problem solving is similar .'There are certain pieces or information. <St DATA^ which you 
need to ansv^r the question poseii in Step One. In Step Two^ SELECTING DATA, you 
identify the pieces of information you need and decide where to look for them. 



EVERCISE 11 

Dtreahns: working with your group, list the pieces of mformation Lisa needs to answer the 
question your class has posed Tor her. Next to each pi^ of information on the 
list^write whe^e ypu think Cisa can get that informaiion. Use the space below to 
make your lists. Keep in mind the life cycle costs <u5e. maintenance, replacement^ 
described above. 

\ 



iNrORMATlON Ni 



- W/W- ^fig can ^vptcf p e^tm 
per weeJc fan her paf>€^ 



WHERE TO GET IT 



ArACtij4 of mlered" sAc wtU ndt 




SI 



7* Read "Step Tv ^; Selecting Data'* (page 51) aloud, or have a student read it aloud. Discuss as 
necessary. Ask students to read the directions to Exercise II (page 51) and complete the 
exercise in their groups. When they are done, have each group read its lists. Make a class list 
on the board of all the ideas. Have students eliminate unnecessary or irrelevant information 
for -answering the question posed in BcercLie I, and add any information that is missing. Have 
students add or delete items f^rom their own lists so that each student has a complete list of the 
information needed* 

15 minutes 
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STEP THRKK: GATIIKRING D/^TA 

Once you know what it is you are irying to find out <POSlKG THE QUBS^nOK) and 
whai pieces of information you nee<t in order to come iip with an answer (SELECTING 
DATA) you are t<ady for Step Thr«: GATHERING DATA, 

GATHERING DATA nieans collecting the information you nee<! and writing ii down 
cleariy and ne-aily so you can read uul use ii later. You don't ne«d to figure out the answer lo 
your problem yet. Just coHeci and rccurd th: pieces of information you need. 

FAFJtCtSF. lit 

Dtrecttons. Re^d the convcrsaiions below with your group. Then, go back through each 
conversation and write down the information given which you will need lo f»nswer 
Lisa's que^tton. the ^pace provided after the conversatiocii" to wri^e down 
>our ir^fcrm^tioii. Be sure all information is clearly labeled 

; Uveihe lis; you w^ote on page 51 to help you keep track of informaitun you need. 



LISA GA^THEAS INFORMATION 
Scvm: Ihr Btke Mm 

Lisa: Excuse me, can you help me please? 
S^ilcsperson^ ril try^ What are you looking for'^ 



Liw 

Sales. 

Lisa, 

Sales: 
I isa^ 
Sales: 
Lisa. 
Sales; 
^jsa. 
Sates; 



Lisa; 
SSIes. 
Lis^; 



Well, actually I need ^me information. Is that blue ten speed in the window still on 
sale? 

Yes. It wiH ;H for S140 through ne^ct Friday. Then it goes back up to Sl75. Are you 
thinking of buying it? 

Tm not sure yet. Can you give me some idea of how much Td have tospe* ^# order 
to keep kt III good shape md the cost of a Ucense and things like that? 
You nican the life cycle cost? 
hat? 

At of buying, using, inaintakning, and eventually repl<icing yoor bicycle. 
Yes, I guess I need to know :he hfe eycle cost. 

Okay To begin with, a bicyck license costs Sl5 no matter what bike you buy. 
Will I have lo buy a new one each year? ^ 

No, just once. As far as maintenance goes, it*s not bad at all. It will vary from year to 
>ear, but if you take good care of ii, you shouldn't have lo spcr,d more than Sl5 a 
year to keep it in working order. 

That's great! How long do you thmk ii would last before Td have to replace it? 
Oh, ten years a' least. Now, were you thinking about getting some insurance? 
No, why? 
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8. Have students read "Step Three: Gathering Data** (page 52)- Ask them to read the directions 
/or Exercise III (page 52) and complete the exercise in their groups- Discuss each group*s 
findings as a class to be sjure that all students have identified the information they will need* 

15-20 minutes 
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Sales: A lot of speeds have been stolen around town lately. Vou can insure the bike 
yoii*re inierestctl m for onfy %5 a year. That way* if it*s stolen* youll have enough 
money to replace tt. 

Lisa: I think Tve got all thai down. No< , my mother wants me to find <>ut about a used 

bike* too. Just In case the ten speed is too much. 
Sales: We have a pretty good one in (he back ^or only SJJ* but I dr)n*t think it will last more 

than three years. 

Usa; How mt>ch do you think I would have lo spend a year to keep that one going? 
Sales: Probably around $45. But you*d have to rent a replacement hike while the used one 

wa^ in the shop bang ftxed. Tfiat ^ould cost around 115 a year. 
Lisa: A used bike sure doesn't sound hke a good idea. 
Scales: Well* ii all depends on what you plan to use it for. 
Lisa: A I>ap<r route. 

if 

Sales: Well, thai would certainly wear it out tasi. .Vou'd end up having i. '^hce u after 
three years. By then, a ten spwl bike like ihe one m the window will probably cost 
around S2C'> 

t Lisa: Well* thai tells me all 1 need to know. 1*11 let you know what I dectde. Thanks for 

your help. 

Sale*; youVe welcome. Good luck! 

Sctfte: Tbe toctl newspaper of fke 

Editor: What cati J do for you* Mis$? 

Lisa: Vm tryi>^ to fin^ out liow much Til make a week if I take the weekend P^oer routi. 
>our )>ap<r has offered me. 

"^Edrtor^ Utars easy. S3 a week your first year* S3. JO yotit second* S4 your ^htrd. and S4.J0 
your fourth. Keep^ going up 50 cents a year. ^ 

Lisa: Tha/s it? 

Editoi. Vep. except for tips from your customers* but you shouldn' count on that, 
Lisa; Okay. Than^-^aJst, 
Editor: Any time 



StMHt Lisi*s bank 

Ltsa; Can you teft me how much interest I would lose in a year if I withdrew SI40 from my 

savings account? 

Teller: Yes* ihat comes to SIO. 

Lisa: How about tf I only withdrew SJ5? 

Teller; Then you would only lose S3 interest. 

Lisa; Thank you very much. 
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INFORMATION GATHEKEO FROM USA'S CONVERSATION St 



STEP FOURt ORGAMZIN^ DATA 

Now lhat >ou have t^ihctfd your dauii you may be icmpted to lump righl in and start 
drawing concltisions. Beware! Unless you have ' rgamied your daia» yo« may be wasting your 
time. 

TJrt fourth st«P m problem solvit^ is ORGANIZING DATA by putltng it into a chart Ot 
grapb that helps you make ufnse oul of it. OrftanizinS Ihe informaiKjn often %hQws you 
patterns or ideas whtch 'aiH lead you to the answer you are looking for. 

I tantpif Bdow is ^ data tt.jle wbich orEanize^ thr informaiton Lisa gathered about the 
two bicychs Bt the Bike Hut. 

IHta Table *l 

COST OF BICVCLES 







Sew 


U^tul hre 


J years 


10 years 


f^utchasf Vt\ct^ 


S 55 


St40 


Unearned rntere^t (on mont)t withdrawn 
from bank) 


S 3 


S 10 


Lt^ente 


S t5 


S 15 


Insurance <each year) 


0 


S 5 


Maintenance e^ch >ear 


S 45 


S 15 


Rental bilte durmg repair 


^ S 


0 


KepJaeemcni cost after 4 jeafs 


S200 
(for a new bicycte) 


0 


TOTAL COST after 1 year 


%m 


S1S5 


TOTAL COST after 2 years . 
(Ind year costs + Is* year total) 


SI9] 




TOTAL COST after J vean 
(3rd year costs ^ 2nd year total) 


S25] 


S225 


TOTAL COSr after 4 year^ . . . 
(45h year costs + Jrd year total) 




S4S8 


— 

S345 
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9, Read '*Step Four; Organizing Data** (page 54) aloud, or have a student read it aloud. Go over 
the data table, "Cost of Bicycles" given in the Example (page 54). Be sure that students under- 
stand the TOTAL COST for each year at the bottom of the data table, since they will need to 
use that information in Exercise IV. 

5-/0 minutes 
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Dt/tcitons. B^Itm on |i4gc 5&«rc tv^o more data tablc$ to lidpyou organize the data you , 
have gathered about LuaH problem. The data table "EARNINGS FROM 
WEEKEND NEWSPAPER kOWE*' has b««n completed for you. 

Use' LX \ Table #1 in the Examt-^e on page 54 and Data Table #2 bclov^ to 
complete Data Table on the noil page; "PROFIT FROM NEWSPAPER 
KOUTEh" You will find the mroftnatton you need about cast in Data Table if\ 
and the mrorcnation about eafntngs in Data Table #2. 



D«U rtMt »l 

KARNtNG$ FROM WtCEICf^D NF.WSfAftIt ROUTE 





W<«kly Pvy 


Ycwiy Pfty 


CumulAtlve Tpy* 


t 


53 00 


5156 


5156 


2 


53 50 


5IA2 


5338 


3 


S4 00 


520B 


5546 


4 


54 50 


5234 


5780 



uniiil:3iuc pay the io<^] unouni Liu hu carneO a( |hc end of tidi ytn ll 
iikIihIc^ jt; ihf money ^bc has earned that year pfus all her cafmn^i Uom the 
>eaf(il berofe 



IJ^ information from the data tables on page 54 and above iq complete the data tabk a 
the ncxi page, 'PROFIT FROM NEWSPAPER ROUTE." 

Coit% codie froin the total oists at the bottom of Data Table #U 
"COST OF BICYCLES," 

harntftf^i. conie Uom the Cumulative ^ay column of Data Table ^2, 

*HARN1NCS FROM*WBEK0ND NEWSPAPER ROUTE'* 

fW/tr Earninl^5 mmus Costs, 



10* Have students read the directions for Exercise IV (page 55). Befort thpv begin working on the 
exercise, discuss the information given to them in the data table, * arnings From Weekend 
Newspaper Route** (page 55). Also, be sure that students are clear about what information 
the third data table, "Profit From Newspaper Route" (page 56) requires. Have students work 
in their groups to complete Exercise IV. When they are done, have groups compare their data 
tables to be sure that they have completed them correctly. 

20 minutes 
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PROm FfiOM NEWSPAPER ROlTTt 







Uftcd bicycle 




4 Bk>ctc 


End or )st 










Cost 








Profit 








End or 2jiJ 


Earnings 








Cost 
Profit 


^ ^^35 




f 205^ 


End of 3r4 


Earntnss 








Cosi 








Profij 








End or 4th 


E^nitigs 






$7go 


Cost 


S48S 






Profit 
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STEP FIVE; PRAWINC CONCLUSIONS 

So fsj. tn soKiRg LisaH pfOhlcni. >ou have 
POSED THE QUESTION. 

SELECTED DATA you n«dt<J 10 ans\fcCT the question, 

GATHERED DATA nwdcd to answer the question, anJ 

ORGANIZED DATA in a way that aflov^s possit>k patterns in the data to 
catcW your eye. ^ 

Perhaps you have already noticed a pattern MvJthin the data vou h£%e organized. The 
v^ord f>QUern ' Jggcsts tepetuionr like the pattern on v^dlpapet. The same ptcture or idea keeps 
reappfaring 3& you (00k at it 

Data c?.^ repeat Itielf in the same way. As you look ai the data you have eoIJ«tcd and 
organized, *.-y to find faet^ that fit together 10 form a pattern or a eomplcte pktiire. 

To DRAW A CONCLUSION or solve your probL^m, asV yourself the same question you 
fX^ed ba':k m Step One. Then> look for ihe patterns in your organized data If an answer 10 
yout question e^sis* thai's *here you are most like*y 10 find it. 
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11. Read ''Step Five; Drav/ing Conclusions" (page .')6) aloud, or have a student read it aloud. 
Discuss as nect ssary. 

3-5 minutes 
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EXEROSF- V 

Dtft\iif>n^ lurn bj^k lo T>d^t ^6, and ^<;imne Li^a^s third dai^i Look for pattcfn^ lu 
(Jit d«iij ahull Ud|i ycju ansiitf ilie quatjon you ptjicd in Sicp One 

Wr»tt \our ariv^fcCJ »o ih^* .iits(Jt*n and \ouf fca\i>ns fo» chocH»nf dial amvi« on 
thelme^ Movi Keep jn i ind the ldea^ of /j^m i^iu, hU* nJeiou. (htrahiUtx^ and 
feJtiihihrx m making >our deviuon 
An\^ej (4* q«e\ti<iij fxi\cd in Sttp Ont Ion pag^ M)> __ ._. . _ . ^ . _ 



Kea^i>nv l«f vhviovirn; ;iiat i^iUvaa 



i .iihoi \vc!l. 1 Dthat did you Un ' ^mji^* 

I iva it* ^c^ln \;^iih. Mom Uia\ nght a^out ihat used biLc li v^oM pa\ for iisvlf fa^ivr 
th£T\ (he ne^ one 

\1<i(hci I had J feeling ii 'AOuld 

laihei I ^M^w thai \eilJe it 

t IV) I don't think so. Dad 

lather \\n\ noO 

1 isa tk^ause I alsii lound out that the rA'vi bike allov^ ne lo make mo;e monc> in 
the long (un Look ai this data lable and HI sho^;^ >ou ^hat I mean 

Mx^thei Ves. } do i<e nthai joti inean f ptiess ii jtis( fioe^ lo sho^* thai dutdbjho can b« jU4i 
as impojtajit a> hont mtich souwthjng com. 

Lka ^hai d'> >ou think. Dad'^ 

h'alhe* J ihmk >oti bcuef huif> down (o (h? Bjke Hut and bu> that new ten ipeed before 
the sale ends* 
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12, Ask students to read the directions for Exercise V (page 5'') and complete it in their groups. 
Have each group read its concltision^ and then discuss the groups' reasons for their con- 
clusions. 

These questions may help focus the discussion: 

vVhy is the more expensive new bicycle actually more profitable over the long run? 
What are some of the hidden costs in btiying the^used bicycle? 
Which bicycle is more durable? More reliable? 

Which bicycle will provide Lisa with the more appropriate form of transportation? 

A number of possible conclusions can be drawn from tht? data in table #3, "Profits From 
Weekend Newspaper .*.otite/' but there is only one answer t6 the question, **Which bicycle 
will pay for itself faster?" The data shows that the used bicycle pays back its cost during the 
first year of Lisa's paper route, leaving her with $23 profit the " st year and $145 profit the 
second jear. The new bicycle only pays back $133 in prrfits after two years. The used bicycle 
pays for itself faster. 

^',)ur students should notice that the new bicycle becomes the more profitable purchase some- 
time duriPL. the third year of the paper rouce» and that in the fourth yeari the purchase of a 
new bicycle to replace the worn out used one actually results in a significant loss it't nrofit, 

{0 mimues 

13. Have three ftiidents re^J the parts in "Lisa Chooses A Bicycle" (page 57) aloud while the rest 
of the class follows in their text. Discuss Lisa's decision. 
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UNIT VII SUMMARY 

i^ROBLEM SOLVING 

Solving problems is easier when yoti have a pUm or set of directions that hefps you get 
from the problem to an answer One poi:^Lbte plan is to follow thcs« fivf steps: 

I) POSBTHB QUESTION: Figure out exactly what the probleni is and put it into 
question form. 

^) SBLECTTMG data- Decide what pieces of information or data you nc«d 
\olve the probtem and where you can find theni. 

3) GATHER DATA: Find and write down the information you net^ to solve the 

problem or ar^swer the queaion. 

<f) ORGANIZE DATA Use daia utiles. gfaph$. or charts to heJp you put the 
information together so you can see patterns in the data. 

S) DRAW CONCLUSIONS: Look for patterns m your or£aniz«d data, and answer tU 
question you poscd in Step One. 

APPROPRIATE TECHNOLOGY - LIFE CYCLE COSTS 

So far^ we have seen rhat technologies arc more appropriate when ihey: 

* use loL-al resources 

* ^re communMy 0]i«raird 

* use renewable energy 

* have little effect on the environment 

* uw energy cffiatntiy* 

Life c>'cJe cost must hi considered wncn choosing an approprtare icchnolog>^ Hie life 
cycle cosi includes the lirsi cojt of the technology as uell as the cosi over ttmc to use. repiiir. 
and replace. 

A rechnofogy is more approprtaie rf ir is durable and r^^iable o^ier tinte. Jt is durabJe If n 
la^is a lt>ng time, and ii is reliable if ii docs not need miKh maintenance or repair 
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14. Review ihe Unit VII Summary (page 58) witli students. 
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UNIT VIII: BECOMING A SKILLED TEST TAKER ^ 

and 

APPROPRIATE TECHNOLOGY IN REVIEW 

STUDY SKILLS 

This unit introduces students to the idea that test taking involves more than reviewing on the 
night before the test. Students will learn some strategies for ic^l preparation and try out some test 
taking skills such as surveying the test and organizing questions by level of diffic^Uty, Unit VIII 
also suggests to students that understanding how to ^ork through different kinds of test questions 
(multiple choice, true/ false) will help them become more skilled and effective test takers, 

APPROPRIATE TECHNOLOGY 

Unit VIII asks students to demonstrate their understanding of the concepts presented in Units 
I through VII of this book, Thfs summary exercise will prepare students for later units in which 
they will apply many of these ideas to their own projects in appropriate technology, 

NOTES ABOUT TEACHING UNIT VIII 

1, The t^st on Units I-VII is found in the Teacher's Guide only. You may choosSHo use it in 
one of two ways: 

a) The test can be used as a teaching tool in the unit as well as a way of finding out 
what students have learned about appropriate technology. To use it in ttiis way, 
ydu would give students portions of the test to use in Exercises II, III, and IV. You 
may want to have students work in pairs or alone on some or all of these exercises* 

b) The test can be used as a test only and given as a whole at the end of this unit. In 
this case, you wou^d need to substitute another test in Exercise II for students to 
survey and some multiple choice and true/false questions in Exercise III on which 
students can practiqe their test taking skills. The test provided on Units I-VII 
would then be given to students in Exercise IV. - 

2, This unit v/iU require two class periods to teach. Note that Exercise I is a homework 
assignment. You may want to have students carry out this assignment (preparing for the 
test) over several days. During this time, you could begin to v/ork on Unit IX in class* 

3, This unit docs not specifically address the skill of answering essay question?, although 
there is an essay question on the Review Test. If .students are not skilled in answering essay 
questions, you may want to discuss how to organize and write a response to essay test 
questions. 

The essay question on the test can be assigned as homework or done on a separate day if 
students need more time. 
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UNIT Vlll: BECOMING A SKILLED TEST TAKER and 

and 

APPROPRIATE TECHNOLOGY IN REVIEW 



INTRODUCTION 

In aJnicHi any iub)cc( you iiudy m M;ti(K>l. sooner or latci >ou will probably be t«tcd on 
ho4 wdl you J^nOA material Sonic siuJcnti don'i mind tc^ts or ^ ihtm as a chalkn&f 
O^hi^rs think "ihcy aidn boilicr Somc^iudcnrs arc frigliicncil b> icsis They fed thai nomaitcf 
how ucll ihcy kno^/ihc inaicnal. they ^hkll noi do wdl on ihe ic^t 

Good test laVmg ikilh can help >ou do beiicj on ic^rs unti make \ou i<c\ mofc L^nn^cni 
aboui raking ihcm In i\tt\ tinir you utti tcarn several skills v^UkU v.ttthdp you wtiai you 
ba^C'kafned iii science Some of ihe skilh are general le^i lakmg skills Oihers 41II hdp yoti 
Aitti curiam kinds or (^tieMiniiSt sticli a> mtiLiiple ttioice and iitie/ Talse questions. 

V 
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Suggested Directions for Unit VIII 

K Have sludents read the 'Mntroduction" (page 59). 
Approximate time: 3-5 minutes 
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PRKPARINO fOK A TKST 

StudyiJlg for a tcM can be m miportani pin i teaming in scLCnce. It your chance to 
pull together of ihe nev^ ideas you have leaincO. Who knows what oiher ne^^ ideai I 
twome clear to you along che »ay7 

To be a shitled lesi laker. y^u need to start revieA^mg before ihe day or che exam. Use the 
tips below 10 Prera^c for the test. 

I.' Look o\'€r your notes und osstxnments ^exeroUUnes before (He test. Once you find 
out when the les! will be* figure out how much time youH need to study for it. Plan 
two or three study times during the week before the test. On the last nighc before ati 
exam, ycu should be looking over your notes ^nd assignments for the last time, not 
the first ftme* 

2 Keep jfour notes and ttssignrn^nts tn cfnonotoUhvi ofder f*}}' tlatef You might try puc* 
ting d^iders between :mits It is easier to goober material tn the same order in ^^hich 
you studied it. This is especially true when the ideas butid on one another^ as they do 
in this book 

3. When you go hack over a unit's worth of notes for the first time* undeiUne (he mam 
ideas and kev y^ords with a brrghtly colored marker. Then* wch time you review that 
unit. jrOU can ^^ro in on the *ords 

4, Some textbooks. liVe this one. have summaries at the end of each cnapter or unit, 
a Hextewma itrntmune^ is a good ^vay to study for a test. ' 

KXKHClSt: I 

Otreaiotisi Tor homework tonight, btfgm to prepare for a tc^t on Units 1-VII of this book. 
Pdllow the ^tops below 

1) Plan several stody times. 

1} Organi/e all of your notes and asvigninvnts 

3) Umter^ine mam idea' atid ^<^'orav 

Rvad the unit sumnidn<.*s , 



2. Read /'Preparing For A Test" (page 60) aioud^ or have a student read it aloud. Discuss the tips 
with students. Ask students if they have any other ways of preparing for a te.st that have been 
successful for them. ^ 

5-10 minutes 

3. Ask students to do Exercise 1 (page 60) for homework. If you plan to give the Unit I-VH 
Review Test as a separate test^ announce the test date. In either case^ give students enough time 
to prepare for the test. 

When students have completed Exercise I, discuss their experience; in preparing for this test- 
Was it time consuming? Helpful? How might they improve? 

10 minutes (for discussion) 
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TAKING COMMAND OF THE TEST 

Once yoo have fevicwoi for z lesi and know the material, yoo ca;i use other skilU to 
become a better test taker. 

When faced with a ie*t, most student} lackle the questioiu in ihe order in which ihey are 
given. Sometimes they ^e flowed down by dirficuli questions and never reaeh questions they 
<:ould have aniwercd towards the end or ihe test. 

Voo can avoid thij problem by TAKING COMMAND OF THE TEST To do ihi$. jian 
by quickly reading over ihe lesi from beginning lo end* Like surveying before yoo read, thii 
gives you an Hjea of what to expect. 

Aj you survey the test, fit each question into t ^ of thevc four vaiegones. This will help 
you organize how you will answer the questions. 

K QufCk OfuJ ^asy questions -^Questions you know the answer to rigtit away ihat take 
little time to answer. 

These will probably be multiple clioice. truc/false. or short answer questions. Answer 
these qjestions as you find them. 

2. Easy but ttme coftsummg questions — Questions to which you know tite ans^ but 
v^hich will take more time. 

Ihc^ tjuestions may involve solving a math problem or writing a short essay. Don't 
stop surveying fhe test ro answer fhese questions^ Instead, put a check (^) in Ote 
margin next to these questions and go on with the survey. Once ;"OU have surveyed the 
teit and answered all of the quick and easy questions, go back and ans\ier the 
ouestiims you have checked. 

3. /{ar<f questions — Questions yoo are not sure you know the answer (o or problems 
you're not sure yuu can solve. 

When you find these questions as you survey the test, put an "x" in the margin next 
to 'then*. Work on these questions only after you have answered those m i>:oups I 
and 2. 

4. Imffosstbfe questions — ' Questions or problems you are not sure you can answer. 

Vou may have forgotten to study for these questions, ot you may not understand 
them Maybe you just can't remember the answer. No matter what the reason, when 
'.'ou firvd these questions durmg your survey^ put a question mark (?) next to them. 
Work on these questions only when you have answer^ all of the other questions^ 

WARNING: Don't spend too much time dividing up the test questions into these four 
groups^ If you.can't make up your mind about a question^ put it in the harder 
of the two group* you are considering and go on. Remember: Vou only earn 
points by answenr?g <|uestiOns. not by grouping themt 

If you are not allowed to wnie on the test, use strap paper for your survey. 
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4, Read '^Taking Command of the Test*' (page 6i) aloud^ or have students take turns reading it 
aloud. Qarify how to survey and categorize test questions. / 

5 minutes 




^dhffctions: Your icadicx wtll give you a copy of a (csi on jhe firsi jeven uiijt£ of this book (or 
another icst for praaicc). You wtll have around 7 minutn lo take command of 
this l«t by surveying rhc questions. Remember rhc$e steps as you survey. 

1> Answer ihc ttutck and easy queitions 

2) Put a check (4^) next TO questions that are m^f>u/ ftmeco/utf/nfff^ Then, go 
on. ' 

3) Put an nexi to questions that arc ha/d. Then go on. 

4) Put a question mark (?) next to questwns thai Look tmposMbtt. 

> 

MULTIPLE CHOKE AND TRUE/FALS^ QUESTIONS 

Ybu <^>i better on a lesi if you know how to answer different kind^ of rest qw^lions. 

Mutdpie choice questions ask you 10 choose the righl answer from several possible 
ansvicr^. ^o answer multiple choice quest ions r 

I Read the question carefully* Then, try to answer the question in your mind 
be/ote you look at the choices* 

2. Read all of the choices given and pick the best answer. Sometimes two 
ansuets may be right in some way. You n«<d to choose the better one. 

3 Ik sure ro read all of the choices given, even if the first or second one seems 
n^r. Hie best answer niay be the last choice. Sometimes Ihe lasi choice is 
"aJI of the above/' ^ ^ ^ 

4. If you are not sure'of the answer, lightly cross out the choices you know are 
wrong- Then, pick the best answer from the remaining choices* Ef you srill 
aren't su:e, make a good guess* If you will lose points for w'rorig answers « 
you should gties^ only if you can cross out all bur two answers. 

Tntef/at^e qu^uons ask you tc decide whether a statement is true or false. To 
answer true/false questions: 

1- Read rhe statement carefully. If My part of the statement is false* then it is a 
false statement. Mark it^lse* 

2^ Watch for key wonjs such as atways* on{}\ att^ nevfr, often, Thes^ words 
^ give you clues about whether the statement is true or false, * 

On most multiple choice and true/false questions* it is worth guessing if you^ unsure 
* of an answer* Ef you will [ose points for wrong answers* you should only guess if you can 
narrow ^ouf choices down to twO. Don't guess if your teacher tells you not to do so* 
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5, Ask students, to read the directions to Exercise 11 (page 62)* Give them a copy of the Unit 
I-VIi Review Test, or another test if you plan to give the entire Review Test at the end of the 
unit* Then^ have them complete Exercise !I* Remind students to answer only those questions 
for which they know the answers immediately and to categorize the others. Allow students only 
seven or eight minutes to complete this exercise* When they have finifhed^ discuss their 
experiences in surveying and categorizing* 

NOTE: Explain to students that this process may take them some time at first. They may need 
to keep the categories in front of them, and they may need a few extra minutes for the 
test* As students become more skilled with this process^ the' will be able to do it more 
quickly* They will find that it will ultimately save them time in many testing situations. 

15 minutes 

6, Read ''Multiple Choice and True/False Questions" (page 62) aloud, or have students take 
turns reading it aloud* EHscuss as necessary* 

5 minutes 



I MU< Ivl III 

\i. ^ I Vo iinHiriiiii-i II. M I I .HTJ ; iin in** 



OllirK ILsM\KI\(* INS 

^o^i iii.u liiid Kti ThcM li|>- lii-|^4til wiii ijl<j .1 K.t S^^ilrf 1J|»^ luJJ he ijinn iKt'Ji-l 

1I1J11 othn^ uii Uit: .iiiJ the miimiIuii 

llm^v iJi^iT vmII Mkt; j km^ hiui- tStiiMfuii}: \\w uiJl help > 

1 /^,. ^.(.j^y ^mjjjj^M iftt/tftti^tiu - Don't wj^tc \tthMbtc tiilic ttun^ lo rchit^mba 

.oiiivlhiMf: oil \\w \)P^ vout Uihyiic iHit \f iicii)or\ oh aiMotH,)ti^ sctr^h. atlJ 

±ui Ui jlK' iic\i {|t;(r\!fvJi If fl^: jri^ua lo llrv frr^i qtiCitrtFri (Xip\ jnta >oiir ttmiJ. 
t**itk ^uiil jfiM\Ci 11 

t /iiUiti ntfi'fititi ' i vol i| MHi ihiiik M-Hi ktiim uh.it uuU) on a qtK^siion ^tMiori i>( a 
u^t. u.ul ihi- ihrfMiiHU hclorc tn'giiiiiitit; unri ^ou never ktiovv vvNai ihc Jj^vviioii^ 
iiuv ^kiMjti' ni)c 4iK'slioit ituv <Kk vol! iiKMi^ucr htioinptLli: ^Lni^rnm Anttllk'r max 
j^k (or .in .iiKivt^r tn ^ctMH) tiriiK* uuN 4)s MUmatt riourt m ^allotK oi i>i1 

^ Mt\i\ iiIl^p a t(Uc>tion \Li\\\ A p^imv t>r JiajsMin This \jn tiuk^.* tt c.tMtr 

to vvrile ihe jh^v^cr Uln ^ 

\i m iM i\ 

thtmu^tt^ K uuihk-iv tiK- iL-^t on I tiiK I \ II L'sc ihc tiP^ ii> thi> firm u^Te 4 >killti]l tc^i 
r^ikci 



Ask students to read the directions to Exercise III (page 63) and complete itt^sing the multiple 
choice and true/false questions oh the Unit I -VII Review Test or other questions you provide 
for <hem. When they have f^nishedj discuss their answers and how they used the suggestions on 



page 62 to help them answer the questions, 
lO'IS minutes' 



8. Read '*Other Test-Taking Tips** (page 63) aloud, or have students read it aloud. Discuss "^as^ 
necessary. Students may have other tips — things to do and not to do when taking tests — to 
share with classmates, " f 

Have students read the directions for Exercise IV (page 63)* If you have not already done so, 
give students a copy of the Unit I-VII ReviewTest. If students have been working with the 
Review Te^t throughout the unit, have them use this time to complete the short answer and 
essay questions. If students are taking the entire test at this time^ give them a full class period 
to complete it. When they have finished; review both the answers and the test taking" skills 
students used to complete the test. This review may take place the day after students take the 
test. 

40 minutes 
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UNIT 



VIII SUMMARY 



Prtpanns for tests ) 

Pan of being a good test taker 



f 

^rmg in advance for the le^i 



J Look ov« noitfs and assignments severe times. 

2. Keep noies and assignments in chionotogical ord«r (by date). 

3 The fir^t t»me >om review, underhne main ideas and key s*Ofds Each nmc you 
reMeu, you can foiu^ on v^hai you bave uiid«/hiivd 

4. Kaiew umt suniniaries 

l akirtj^ command of the test 

\Stken >ou tdthe 'ctt, lifsl survey and oaiegonxc ilic qu(^snoiks 

2. Gietk ( ; fjii <^<iwv(wmni^ liucitufm Go back lo thent as \oon a^ yo" 



ones 

4 PtH a quesituii mark next to tnjf^ossibfe qm^^ttott^* Try ihese i^uestions aficr 
>ou Nave an^vr«rcd all ^he others. 



Multiple choice and tnift^ false Qucsiions 

You can be a better tew laker if yoM Know >ow to antwer differeni kmds of QMC^tions. 

Mttlt^tleiffotki' qite\mfi\. Read lheq(JC&l:on atid try to r^mk of the ans^ier before read« 
«ig the choicer* K.cjd of the choices, and pick the fi^j/ answer. If you are not vure 
of the answer. cioi% out (he Uioiccs you think are wrons and choose th« best 
' i«mainmg answer. 

Ttue/fai%c que^tiim%: If the staiemeni is parib' false* mark ii false Watch out for key 
words sueh as dyiays.jt/tt'/t, or nnrt. These words can help >om ticvide if ihe ^late. 



Other tips fcr test (akers / 
I /Keep aware of yowf tin*e, 

2. Beware of *'quieksandquesiions *' Don^i get smck on onequestion; goon ;;>ihe next. 
^ You can alwa>s cOme back'if there is tune. 

J. Put your mcn>or\ on auiomaiie Tor answers that seem <o be on the up of your tongue 

4, Read directions and quesiicins carefully. 

5. Draw diagrams to hdlP organii:e ideas and answers. 



9. Review the Unit VIII Summary (page 64) with students. 
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REVIEW TEST UNITS I-VII 
APPROPRIATE TECHNOLOGY 



Part I (Each correct answer is worth 2 points) 

Directions: Orcle "F" if you think a statement is a fact, Cird* "O" if you think it is an opinion, 

F O 1 , The United States would be much better off if it did not use three billion barrels 
of its own petroleum each year, 

F O 2, The sun's energy can be used to produce electricity, 

F O 3. Most of the energy we use should come from non-renewable sources of energy 
such as coal, petroleum and natural gas. 

Directions: Circle *'T" if you think a statement is true. Circle **F" if you think it is false, 
T F 4, The residential sector of the U,S, economy uses the most energy, 
T F 5, Biomass is a renewable energy source. 

Part n (Each correct answer is worth 2 points) 

Directions: Orcle the letter of the statement which best completes the sentence, 

6* A technology is appropriate if it 

a) harms the environment in which it is used, 

b) lets you get things done faster, 

c) puts people out of work, 

d) uses local talents and resources, 

7, A technology is inappropriate if it 

a) seriously damages the environment, 

b) uses renewable energy, 

c) uses energy efficiently, 

d) is understood, creat«i, and maintaln«i by the people who^depend on it, 

8. Appropriate technologies are usually 

a) smaller and more expensive than other technologies, 

b) larger and more expensive than other technologies, 

c) smaller and less expensive than other technologies, 

d) larger and less expensive than other technologies. 
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9. Communities can use appropriate technologies to 

a) pry for food grown in other states. 

b) raise taxes. 

c) solve their own problems and meet their own needs. 

d) all of the above. 

10* Relying on non-renewable sources of energy makes a technology 

a) subject to shortages and cutoffs. 

b) more expensive to operate due to transportation costs. 

c) useless once the energy source is all used up. 

d) all of the above. 

IL If the U.S. continues to use about three billion barrels of its own oil each year without 
discovering large new deposits^ its proven reserves will be used up by 

a) 1992. 

b) 2005. 

c) 2105. 

d) 2585. 



12. Which technology uses energy most efficiently? 
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13. Which technology uses energy most efficiently? 



Millions 
of gallons 
of oil 




14, In whdt year did the imaginary country of Conservia use energy most efficiently? 
5 - 



Energy used 
per person 
(in millions of 
barrels of oil) 



a) 1971 

b) 1973 

c) 1974 

d) 1975 



1971 



1972 



1974 



1973 



1975 



2 3 4 5 6 

Goods and services produced per person (in $1,000) 
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Part III (Each correct answer is worth 4 points) 

Directions: Write a definition for each of the following words or phrases. 
15, entropy 



16, hydropower 



17. proven reserves 



Part IV (Each correct answer is worth 8 points) 

Directions: Answer each of the following questions. Answers should be written in complete 
sentences except in question #22. 

18, Ho^v is the planet Earth's energy supply like a spaceship's energy supply? 



19, What four criteria would you use to judge how a technology affects the environment? 



20, Describe three differences between renewable and non-renewable energy. 



1 
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21. The city of Everett, Washington, would like to set up a system that converts trash to 
energy. The cost of such a system is about three million doUars. Two of the three million 
dollars pays for equipment which sorts the trash, separating metal, glass, paper, etc* 

Everett has on!y one million dollars to spend on their system to conv^t trash to energy* 
Explain how this community could set up an effective system using appropriate 
technology that would cost only one million dollars* 



22' Your family is planning to buy a new refrigerator* Before you choose one, you want to 
consider the life cycle costs of the refrigerators available. 

In the space below, list four pieces of information (facts) you would need to kaow in 
order to make a good decision about which refrigerator to buy* 



Information tiecfted 



2. 



3. 



4. 
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Part V (This question is worth up to 20 points) 

Directions: Write an essay of 100 to 200 words describing an appropriate technology which could 
be used in your community. Tell what the technology is, and explain what it is used 
for. Then, give all the reasons why it is an appropriate technology for your com- 
munity* Use the paper provided, 

(Feel free to draw a diagra^n if it will help you!) 
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Answers to Review Test, Units l-VI! 



Part I 



Pan II 



1. O 

2. F 

3. O 

4. F 

5. T 



6, 
1. 
8. 

10. 

n. 

12, 
13, 
14, 



d 



a 



c 



c 



d 



a 



b 



c 



d 



Part III 



15, Entropy is the amount of energy which has been lost through conversion and is unavail- 
able for work- 

16, Hydropower is a technology for using the energy contained in falling water to produce 
electricity or perform mechanical work. 

17, Proven reserves are that portion of an oil^ coaU or natural gas deposit which can be sold 
for more than it presently costs to extract and prepare it for sale. 

Part IV (Students* answers will vary. Below are the general ideas which should be included 
in their responses,) 

18, The earth*s energy supply is like a space ship*s energy supply m that both are limited. In 
both^ we need to conserve the energy we have so we do not run out. This is especially 
true if the earth continues to rely on non-renewable energy sources, 

19, The four criteria used to judge how a technology affects the environment are: 

1) The technology should have little immediate or long term effect on living things, 

2) The technology should not make the environment smell or look unpleasant. 

3) The environment should be able to recover quickly from the technology. 

4) The technology should not produce a lot of waste material. 

20, Three differences between renewable and non-renewable energy are: 

1) Non-renewable energy is finite; renewable energy is replaced almost as fast as it 
is used. 

2) Renewable energy has less harmful effect on the environment than non-renewable 
energy. 

3) Non-renewable energy sources are subject to cutoffs and shortages; renewable 
sources are not. 



" 86 103 



21. Student answers will vary but should include the idea that if people in the community 
could sort their own trash, either at home or at a centrally located place* they could 
avoid spending two million dollars on sorting equipment. 

22. Information needed; 

1) first cost of refrigerators 

2) operating costs of refrigerators (electricity costs) 

3) durability of each refrigerator; how long each will last 

4) reliability of each refrigerator; costs for maintenance and repair 

5) replacement costs 

Part V 

23. Students' answers will vary. In the essay, students should describe the technology and 
what it does and provide several reasons why it is appropriate (considering life cycle cost* 
effect on environment, use of locally available and simple technology* use of renewable 
energy sources* efficiency). 



er|c 
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PART TWO: 

THE SOLAR GREENHOUSE AS AN 
APPROPRIATE TECHNOLOGY 
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UNIT IX: USING SCIENTIFIC MEASURING TOOLS 

and 

TRAPPING THE SUN'S ENERGY 

STUDY SKILLS 

This unit introduces students to two measuring tools, the thermometer and the protractor, 
which are useful in the science classroom. It then gives students the opportunity to use these toots 
in a set of experiments about the solar greenhouse, 

THE SOLAR GREENHOUSE: TRAPPING THE SUN^S ENERGY 

In this unit, students carry out a sequence of experiments which illustrate how a solar green- 
house traps and retains the sun*s energy. Through these experiments, students discover the follow- 
ing principles for solar greenhouse design and construction: 

1, A soiar greenhouse has the potential to collect more energy than it needs for its own 
use. The excess energy can be used to help heat an adjoining building. This excess 
energy will be available^ however^ only if the greenhouse takes full advantage of the 
shorter intervals of daylight experienced during the winter months. The south slope of 
a solar greenhouse should therefore face within 30 degrees east or west of true south, 
the point on the horizon above which the sun reaches the highest point in its arc 
across the sky, 

2, The sun*s ability to heat the air inside a soiar greenhouse is greatest when its rays 
strike the south sloping glass at a perpendicular angle. In order for this to occur 
between the hours of 9:00 a,m, and 3:00 p,m, throughout the winter months, the 
glass should be tilted up from the horizontal at an angle ranging from 50 degrees in 
the southern U,S, to 70 degrees along the C^adian border, 

3, For a solar greenhouse to share surplus energy with the adjoining building^ it must be 
efficient in its own use of energy. All exterior surfaces should be well insulated and 
tightly constructed to minimize heat loss to the outside air. This pertains to the 
window area as well« which should have two iayers of glass throughout most of the 
U,S, and three iayers in tbe extreme northern states. An air space is needed between 
the layers of glass, Some^sort of night insulation such as a shutter or roll-down shade 
will make the windows even more energy efficient. 

The solar greenhouse is an excellent example of appropriate technology because it uses a 
locally available and renewable source of energy. It has minimal impact on the environment^ is 
efficient, and is easy to understand and construct. The soiar greenhouse is a technology which 
fosters self-sufficiency in both heat and food production, 

NOTE; This unit will take two or three class periods to teach. 
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UNIT IX: USING SCIENTIFIC MKASURING TOOLS 

and 

TRAPPING THE SUN'S ENERGY 



INTROOUCTION 

rhc uilar grvtMliouse one example or a» app'opnme u^rlmolo^y. 

- It IV f^ifly sunpk uy build JttJ u\c. 

- It sunhghi. is a looall) a\ailabk aiiJ rent:\\able t:nvrg> uiutve. 

- Jr ]m JiiiK\ if ;m)>. hamuui dfixi ojj xNc cmiroHnJcnj. 

hi thv t\^\\ Umr uriM>. yo\t ^t\] experlnicm \\Ltli u>n(i« of ihc ideas imu> making an'l 

kfong ;i uifjx grccr^lioiiw. 

UiiM IX uxU diovv ><iij lio\\ to um: iuo wieMUliv' iiivavtinng tools — a thcrniofitetvT and a 
protriivior — vthiih ^M1I help :ou v'xporiMKni v^nU solar encrj^>. 

Kt:AI>IN(; TliKKMOMKTKKS 

VtMi have prol>;)bL> used a ihermonick'r at homeio imd oui ihv' Ivmperaturv' outride or to 
sec if >oti a t'ever. A tUerinortieicr also a nsctul Wicjiiifie looL 

In A tlKTiiioiiK'icx. the liquet iinide ihc glass lubc expands uhen ii is heated and controcis 
or ^hrnjlv^^livn it vools. The wafe printed on ihc Ujcriiioineier helps >-4)U "read" ilie tenipcra* 
turc. The posiiion of the liquid on ihe wale iv Hie lejiipcraturv of ihe air. uaier^ or vthatcvcr ii 
IV >ou are measuring 

t\(iiiifik': The iherinomeiet beto\\ ^ho\^s a r^adinS of JO*C. 
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SnggesCed Directions for Unit VIII 

I Organize your class into groups of two, three, or four. Group size in this unit may depend on 
the amount of equipment you have available for the experiments in Exercises III and IV, 

2. Ask students to read the ^^Introduction*' (page 65) and **Reading Thermometers*' (page 65). 
Answer any questions students have about these readings. 

Approximate time: 5 minutes 



EXERCISK t 

Dirtcfions: Bctow arc sketches of four thtimomctcrsi each showing a different temperature. 

All of (He th«rmonieifrs me the Cttsius scale. With your partntr or group, figure 
out the temperature shown on each thermometerp Write the temperature in the 
space provided bdow the thermomeieT. 




I 



^0^ C. 



t5 



*^ 3^ JO o 



up j<> JO 10 c lO w » ii> *o 
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Have students read the directions for Exercise 1 (page 66) and complete the exercise in their 
groups. When students have finished* ask several of them to share their answers with the class. 
Discuss as necessary. 

10 minutes 
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SiiMiirlhnifN ytui need in \k able to nu'^i^nrc t\\\^ ^r/c of an m^U m nrdtr lo do a s^Kiilific 



1 




>nu rcail tli<^ c\plaiMi)on af hot\ iii m^' m. 




L\j)ftrtt<ittott: * Atl prcirociorii Imvc a flai edge (I) uiih :i in:irk exaett> in the eeiiter (2). 

• Ttie mrved edge of Oie protractor is nta^V^ed orf in degre1^. 0' i\ on the 
flai edge of tlte proifaewT* and 90* ; . llie lup of the t'ums 

• A proiraeior rm> ha^e luo scales. The Mrale ihai \iart\ ^iili ilic 0 at ihe 
nghi K u*<d 10 nLe:isuFe anglev ihui open to the right: 

The M;ak itli the 0 the tet( k used lo ineasurc angleii that open to the 
tefc 



To measure an angle* plaec ihe (lai ed^c of ihe protraeior along one line 
of (he angle. The eenier noark \honld be on the point here the iut> li^e^ 
nuvu I oNoxv il>e other Inie of tlic aiijtle out to t^here ii <tkt\\t:^ the ^va(o 
>on are tiMiig, Tlu* |K>ini on ilw waL" »vlKre ilu* litK" aoii\e% i\ the 
measure ol ihe angle 



67 



4. Read "Protractors: Measuring Angles'' (page 67) aloud, or have a student read it aloud- Give 
each student a protractor, and go over the Example on page 68- 

5 minutes 
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Exumplt: The angle below measures 65" 




EXERCISE il 

Directions Use a Protracior to mcasufc the angl« belovt\ Write your answcfs in the space 
provided belov: each angk. 
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5* Ask students to read the directions for Exercise 11 (page 68) and complete it with their group. 
Discuss student answers as necessary. 

10-15 minutes 
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kXlJtlki. Ill 



stwYi >ou ho* vuiUi Cficr^v tin hr ^iNPTCtl'* jfkI ttscU lohrji Jii Inthi^cHVii 
mfltt A»SI I U>». DMAtlltk ANl>kK(>ltl>[>AlA«dn4l< IDKAU 

<0M. LOMOND Itfllo^ itK- ^1*^ Mom to ^ir^ out ih^) c^rv^imtm 

A MTflMf 

J ih<rnHimctvr> 

^ lifhi u>uhc i>ou 41)1 uve yuiiTjjhr u. , tjmp prOttdcO h> ^otir ic^h<r» 

^ Li nHU icii.|>tt hj^ iuh ()ane%ik> ihi' j luniftKt jntl iMilfOnukc j iHitcinilK'iMliir 
inift AltKlt OIK ilianhKn(ii.t lo ^ ihh. icnhnc ihc IkI ii^d ihc jjf |nd 
^AfcfuHy himrwrihcnjilihrouib ii MiLcihr holf Ur^ccnou^t) ^i>r ihc ih<mK>nKtcr 
fna>HV ihr niil irounJ 



3 rt >Otf jrc u^iPt Ihc ^wr luhi wurf.c. like t^r nuicruU ouiitJi: ji>j rmJ j 
Ic^cl pbcc I4> w i4> If >og arc u>iAf J Un>Pw f.l<rjt I Ap^^c on ihltKh lo ihurk 




' lll^m iht ^irdtHurd divtJer Jttio ihc }u Pui ihc IkI on* and \tna\ ihc ihcf monuter 
iltmufh Ihc hiilT in Ihc /ar lid lih ihcju inJ prt^ii upM>tluiii tAcnAdirfM hthfi 
jU jImv one wlr ^tJl^r ^urc ihc cardtM>ird b«t«e£(t ihf ttt^i M>tim ind Ihcihtf* 
inumctci TNtliMflcr Hill Lftpihctfchi frofi)hiiNn(ihr4hnn»mctndirAll> IJv a 
[HfHr^iiff lo AiCd^urc ihc jn^lf the b^lom of ihf jjr nuLc^ ihith ihr kicl ^vitic. 
Uiirc Ihc Mt\e >ou iu>c nKJ^Kd h<ic 




< Kkc jfuMcboot iki ihctfcvHinj fxjii loihr jjr. tntn^uifl^ prop ihc ifvoiKl pKVrof 
wdtHH^d M> u (umptftdy ttiidnihc ooicbPOL Th#n. pfitc ihr«\onJ ihcriiKHixler 
i>n Ihr ^hadfft aoirbooL 



6. Exercise III (page 69-71) asks students to prepare, carry out, and analyze an experiment. 
Before students begin; 

a* Have the following equipment ready for each group or pair; 

2 thermometers 

glass jar with screw-on lid 

protractor 

light source (preferably the sun, but a 200 watt bulb will work) 
cardboard 

Each jar lid must have a hole in it through which the thermometer can be inserted* 
Punch a hole in the lid by removing it from the jar, placing it on a stack of folded 
newspapers, and hammering a nail through. Enlarge the hde by moving the r- 
around. You may choose to punch the holes yourself, ask one or two students to do * 
for the whole class, or have each group do its own* 

Each jar must also have a cardboard divider to keep the sun or light source fr^ 
striking the thermometer directly. The cardboard divider should have holes in it or be 
cut so that air can flow from one side to the other. You may prepare these for each 
group or pair^ or have the students make ihem* Their jars should look like this; 




(continued} 



Explain to students that the overall purpose of the experiment is to see how a solar 
greenhouse traps solar energy* 



c* Briefly describe the steps in the experiment* These steps are described in detaii in the 
:>tudent text, but many students find it helpful to have heard all the procedures before 
they read and carry them out one at a time. 



(;ATitt;HtM; anh ittxoitnjN(; data 

TciJiIx^raiurv wUiiJc >'«« vian ihc cxp<^f inuiii: ^ ^ 

TvmPtraiurc m lli^* jar wlfccn jou ^tatt xUc cxpcrimeni: 

2. VdU urcgojiig toclK'vL llic icjtiPcMlufrorilt«';i)r insiJcihc jar anJ ihc icmpt^rattire or 
tilt? nir niMMdc ihc jar cvt^r^ 2 minutes for 10 ininutc^. Use iUi Jaia tah\v bclo^ lo 



0 JUhlLMCv 
2 MlMiUlvv 
4 lUiMlJtCs 

6 imnuicv 


ruMPtJiAiimt: in tiikmr 


TKMPKHATIIRK Olr^il(>^: t\ik jah 


















8 miriutcv 
10 n1^mMl^ 











J. Afivr uih ha\c rwordoU the lcnip<^ramres for 10 m^iUtes. have yuur partner stanJ in 
th(^ vpoi vkhvrc his ur ht?r shadov^ blocks ihc ^un froni ihc jar (or lurn off l\w lighi). 
Continue to read the tcinpcf^iur<:^ inside ami oui^c ihc jar every 2 mjnutc*^ ^or ihc 
iiL'M 10 nnnulcv as >uu did before recording your mrormaiioii on ilir data lable 
voiuJitucd bclavk. 





ttAlP^JtATURK IN IIIKJAR 


rt-:Mi't:itATuitK oltsiok tiik jah 


JO niinuivs 






12 ininiiKs 






14 nniiuiL^ 






16 minuies 






18 niinuics 






20 ntimitw 
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Have students complete the experiment in Exercise III, recording the data they gather in the 
data tables on page 70* An optional exercise at this point that may help students organize and 
analyze their data is to have them graph the results of their experiment* By graphing the 
temperatures inside and outside the jar over time on the same graph, students will be able to 
see the differences* Their graphs would look something like this; 

40 ■ 



temperature 




0 2 4 6 S 10 12 14 16 18 20 
mitiut«s pa^cd 

NQTfE: This graph ts not included in th<; student lext. 
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C, DRAWING CONCLUSIONS 

Use the Information on Vour data lablei to answer the questions below. 

1. Which was hotter r'ler 10 minutes^ tnskk the jar or outside the jar? 

2. Why do you think this happened? 



3. What happened to the tempefaiures when the shadow was on the jar? 
Ittside the jatt ^^jv^etohj^ decreases 

Ouuidcthcjar: -AeMpgroVe decreases /tyiorc ta^^hj 

inside Vfjeyq^) 

4. Why do you think this happened? 

Shdo^ Q^mejts wtll wj. See Sre^ouse £9ict 



THE GREENHOUSE EFFECT 

What you have observed in this experiment is ibe GREENHOUSE EFFECT. When Ughi 
passes through glass and touches cool surfaces, most or it changes to heai. As heat, it cannot 
leave the jar is easity as it entered, so the temperature in the jar rises. A sotar greenhouse 
works in the same way thai your jar did to trap the sun*s energy ai>d change it into heat. The 
cartoon on page 72 may help you understaikd ihe greenhouse effect. 

In the experiment In Exerdse III, you had to tilt the jar to Id In as much sun as possible. 
Theii you measured the angle between the jar and the ground. When you compare this angle 
to those of your dassmatcs, you will probably fmd that they are about the same* The best 
angle for catching the sun depends on how hi^ the sun is above the horizon. H you did this 
experimen'. again ai another time of day, you would probably choose a different angle to tilt 
the jar. If you did the experiment during another season of they«ar,or in a different plaeeon 
earth, the best angle would again be different. 

If you were building i soUf greenhouse* you would have to find the best angle for 
catching the sun. The greenhouse should be positioned so that most of the glass faces south. 
The glass should be lilted so that it traps as much solar energy as possible during the winttr 
months. You would also have to waich out for trees and buildings which might cast a shadow 
on the greenhouse during the winter^ cutting it off from its energy source. 



When students have gathered and recorded their data, have them answer the questions in 
**Drawing Conclusions*' (page 71), These questions could be assigned for homework and dis- 
cussed the next da^, EHscuss students* findings and their explanations for what they saw 
happening, 

39-49 minutes 

NOTE: There are no correct answers for the experiment in this exercise. Students' answers will 
vary, but they should be similar from group to group, 

7 Read **The Greenhouse Effect** (page 71) aloud, or have a student read it aloud* Discuss how 
the cartoon on page 72 illustrates the greenhouse effect* Have students report the angle 
measurements they took in the experiment in Exercise IIL EHscuss how the angle would be 
different at different times of the day, in different seasons, and at different places* 

19 minutes 



INSULATION 

Class is gCKxl «i trapping hcai but no: good at holding ii. A Kilar greenhouse uses 
INSULATION in ihe wails and roof to keep the heat in duHng the winier and oui in the 
lummcT. Some solar greenhouses ai^o use insulation over the glass on winter nights. 

EXERCISE IV 

Directions: Follow the steps below to carry out an exKrim^nt about insulating a solar green- 
house. 

L You will need thes« materials^ 

2 jars with lids (and cardboard dividers) 

2 thermometeiS 

light source (sun or lamP) 

some land or insulation (construction paperi cloth^p wool) 

I, Put a thetnnometer into each jari and place both jars in front of the light source for )0 
minuteS' Be sure the canlboafd dividers are inserted into the jars between the thernnome- 
ten and the light source. 

3. After 10 nninutc$, immediately wrap one of the jars wUh whatever insulation you have 
chosen and remove both jars from the light source (Put them in a shady place). 

4, Check the temperatures of both jars every 2 minutes fo ID minutes. Record your teni' 
perature readings in ihe data table below. 



TIME 


TEMPERATURE tN 
INSULATED JAR 


TEMPERATURE tN j 
UNINSULATED JAR 


0 minutes (measured as soon 
as >'0U put the jars in the 
shade) 






2 minutes 






4 minutes 






6 minutes 






£ minutes 






10 nninutes 







5, Write two or three sentences that explain what happened in this experiment. 
^ude^fs mil ikd-S oM^ f^a-fi^tais held in. so 

7 ] 
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8. Read *' Insulation** (page 73) aloud, or have a student read it aloud. Discuss as necessary* 

Have students read the directions for Exercise IV (page 73), Provide students with a variety of 
materials they can use for insulating their jars, such as construction paper, foam, cloth, and 
quilting. Ask students to complete the experiment described in Exercise IV, recording data on 
the table on page 73, When students have completed the exercise, ask them to share their 
results with the class. Discuss how their findings could be applied to a solar greenhouse, 

30 minutes 
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UNIT IX SUMMARY 



MEASURING TOOLS 

^lca^uring looh can help you carry out scJeniiHc experiments and atisv^cr quniiuns about 
ihing\ you ^ct aruund you. 

Jn a THEKMOMHlbK* the liquid cxpunds Qr <aniracts to shchv ihe 
icnipifraiurc ot air* water, or whaievcr you arc incavurtiig. 



Voij UMT a PROf RACrOR lo njwiurc jngl*^. 



TRAPPING THE SUN: THE SOLAR GREENHOUSE 

A greenhouse traps the sun's energy and uses It to heat the air inside. This is called 
ihe greenhou^ eff<\'t, A solar greenhouse is most efTcctive when: 

0 the greenhouse faces south so thai it receives as much sun as possible in the 



2) the glas5 is lihed so that as much funlight as possible strikes it at a W angle for 
as long each day as possible* and 

3) the outside surfaces of ihe greenhouse are well insulated and tightly built to cui 
down on heat loss to ihe outside air. 

The solar greenhouse is a good example of appropnaie technology. It uses a Jocally avail- 
able and renewable source of energy. Jt also does little to change or hurt the environment, A 
solar greenhouse uses energy efUcientiy* Jt is a technology which is easy co understarkd and 
build, and one which helps people be more self sufficknt in producing heal arkd food. 



9. Review the Unit IX Summary (page 74) with students. 




winter* 
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UNIT X; APPLYING SCIENTIFIC LAWS 

and 

HOW DOES ENERGY BEHAVE 
IN A SOLAR GREENHOUSE? 

STUDY SKILLS 

This unit introduces students to scientific la\ra which describe the behavior of matter and 
energy. It then suggests a procedure which students can use for recogniang what scientific law is at 
work in a particular situation. In th's procedure, students are told to: 

1) OBSERVE the situation carefully, 

2) RECO:iD their observations, 

3) COMPARE thar observations to other situations in which similar phenomena occurred 
and Tor which they know the law, and 

4) Decide which scientific law best explains what has been observed. 

This procedure is actually a variation on the problem solving scheme introduced to students in 
Unit VIL This could be pointed out to students and similarities and differences between the two 
processes discussed. This discussion may r^nforce for students the idea that different problems 
may require different approaches and that each student may be most comfortable with a pardcular 
approach. 

At the beginning of this unit, students are asked to use skills of reading and note taking intro- 
duced earlier in the book. Students have an opportunity in this unit to practice what they have 
learned and to apply recently learned skills to a new situation. 

SCIENTIFIC LAWS AND THE SOLAR GREENHOUSE 

In this unit, students are first introduced to the concept of matter^ which is made up of 
mofecufes. Students learn that in solids, the molecules are very close together; in liquids they are 
further apart; and in gases they are quite far apart. 

StudeiUs then read about and experiment with three scientific laws that determine the 
behavior of matter when it is heated and cooled. An understanding of these laws helps students 
recognize what is happening in many natural situations. 

These three laws are at work in the solar greenhouse: 

The Law of Conduction: When one part of a solid is warmer than another part, heat 

travels (conducts) from the warm area to the cooler area. 
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The Law of Convection: When a liquid or gas is heated^ it expands and rises. When a 

liquid or gas is cooled, it contracts and sinks. 

The Law of Radiation: All matter constantly emits eneigy in straight lines. The 

warmer a particle of matter is, the more energy it radiates. 
Particles of matter struck by radiant energy absorb heat 
energy and become warmer. 

In a solar greenhouse, heat conducts through walls common to the greenhouse and the 
attached building, providing a source of heat for the building. Heat also conducts through the 
glass and the exterior walls of the greenhouse. Insulation must be used to slow down the rate of 
heat loss which results from conduction. 

Convection patterns in a solar greenhouse can also be helpful or harmful. Convection can 
help move warm air from the greenhouse to the adjoining building. At night, however, convection 
can draw warm air from the house into the cooler greenhouse unless proper safeguards are taken. 

Radiation also works for and against the solar greenhouse. Radiation from the sun is the 
energy source for the greenhouse. Radiation is also partly responsible for the transfer of heat from 
the greenhouse into the adjoining house through the common wall. Insulation must be used to 
reduce the amount of energy radiated back into space by the exterior surfaces of the greenhouse. 

A NOTE ABOUT TEACHING THIS UNIT 

Because this unit, like Unit IX, involves some experimentation, it will probably take two class 
periods to complete. We recommend that Exercise I (pages 75-80) be assigned as homework which 
is due on the day you wish to work on the unit in class. This allows students to make the best use 
of in-class time. 



IIS 
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UNIT X: APPLYING SCIENTIFIC LAWS 
and 

HOW DOES ENERGY BEHAVE 
IN A SOLAR GREENHOUSE? 



INTRODUCriON: SCiKNTiHC LAWS 

H\cn ilioiigli >0M \my ha\c :i fvw riiorc >CJr\ lo go bcfoic >ou can gel a dri\cj *s lici^nw. 
>oii probably knou jboiii ihc la^s ihiii idl dmcr\ ^^hai ihcy can and caiinoi do m a car 

E.aws cMM in wHcncc* loo. Scivmific l^^^ arc peopled aiicnipis to wpJain ^^hai happens 
iti naiurc- Scientific l^^^s caniioi be brol^cii. Encrg) and maiicr could noi disob«> tticin tfihey 
iricil! 

As a science \iiKlciii >ou can u%t; scicniiric In^^s as keys for unilcrstandirig nature. The 
more wientifie Uus >ou Uiow and tiiidersianU. the more U^s you ^ill ha\e. The iiiek i« 
kno^itig ^hich key lo ii^. Tlu\ timt hdp >ou fcarti iht; sUll orappl>ir>g vrictMifie b^^s to 
wliai >ou ^ce. 

t:\t:HCiSK I 

Oinriiotn: Using ilie skills >ou ha\e lcarne<l ir> earlier chapters> SURVEY and READ ihe 
iiirormatkon on the following pagc5>^ Use ilie space rollo^hing each section of ihc 
reading to MAP oi OUTLINE ihai ^eCiion. Then> you will be able lo use (he 
itirorinaiion laier in the unu. 

A^ a revicu' of wliai >ou lia\e read, do ihc KEVIHW on liiaigc 30. 

WHAT iS MATTKR? 

MaiU'r is the 'Mufr'' thai e\cryihing is m;tdc of. It usually occurs stnatl clumps or 
bunehes ealtcJ woJecu/vi. \}olceules are loo $tna]l lo see c\en with a po^^erful mivroscopc. 

M^ner exists in three Ion:' sotifL hquidy and Hai. 

When a feu billton niola^ules are vef> close lOgether* ihe)' form ^ suUiL such as a 
rock* ^ ifcv* 01 a bird. Solids K'nd to ha\e a Ucrmiie shape. 

The molecules in a lufuuL Like ^vater> are much tarihei ^part ihan they are >^ ^ ^ti^>^ 
fn a liquids the molecules tend lo take on the ^hape of ihe eonialner uhich holds 
I hem. 

The inolceulcs \Uiieh make up a like air. are eery far apari. The molecules of a 
gas lend lO spread oui lo fitl a eoniaiiicr. like ihc :iir niolceiik^ Jn a balioon. 



Suggested Direcdons for Unit X 

K Read Introduction; Scientific Laws** (page 75) aloud* or have a student read it aloud* 
Dfecuss as necessary. 

Approximate time: 5 minutes 

2. Have students read the directions to Exerdse I (page 75)* Assign Exercise I as homework due 
on the day you wish to continue work on the unit* Explain to students that they will survey* 
read* and map or outline the readings on pages 75 through 79 and do the Review on page 80* 




(continued) 
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MAP OR OUTUNf^: 





A. £x*s& as rf\cfe^iUes 



I Mo,^CEi/fis dose icqdktr ^ soifJ 



LAW OF CONDUCTION 



Xht Law of Conduction describes how hcai behaves in a solid. This law says that when* 
ever one part of a solid is warmer than another part, heal will travel frotn ihe warm part to the 
cool part, until all pvis of the solid are the same temperature, Conduaion also explains how 
heat travels from one material to,another uhen the materials are touching. These materials can 
be the same or different forms of matter. Heat flous from the warmer material to the cooler, 

Conducrton occurs whenever one molecule in a sottd is warmer than the motccuks next to 
it. The warmer mokcule contains more energy, \A\kh makes it vibrate faster than the others. 
Because the molecules in a solid are packed closely Together, the warmer, vibrating motccute 
bumps into if% cooler neighbors. This causes them to vibrate faster and become warmer. The 
ftr^t molecule gives up, or conducts, some of its energy when it bumps into its neighbors. This 
makes it vibrate more slowly and become cooler. 

Meanwhile, the other molecules have begun to vibrate faster^ Each of these molecules 
bumps into its ne^hbors, transferring energy in the form of heat even further away, Conduc- 
tton stops when all the molecules in a ^oltd are vibrating at the same rate and are therefore the 
same temperature. 

The picture below shoxi^s hov^ conduction works. 



When students have completed Exercise I, have several of them present their maps or outlines 
and their examples from the Review. Discuss the laws of conduction^ convection^ and 
radiation^ giving other examples to clarify these concepts if necessary* One way to demonstrate 
the law of conduction is to line up four or five students shoulder to shoulder at the front of the 
room» facing the class* Bump the student on your end hard enough to tip the student on the 
other end of the line off halance* Each student represents a molecule^ passing its energy along 
to the next, if you have the students spread out so there is a foot or more between each of 
them and repeat the demonstration, students will see that only the first and second students are 
affected, This is an example of a material in which the molecules are further apart* Such a 
material would be a poor conductor but a good insulator, 

10 minutes (for discussion) 
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Some soL^di conduci heat better than others because their molecules are closer together. 
Rumples oigt- ^conductors «te metals* conaete* and brick. Other solids are not guodcon- 
ductors beuii * the molecules ate fanher apart. Examples or poor conductors are fiberglass, 
foam* and dr ^n. Poor conductors are good insulators, because they slow down the movement 
of heat. 



MAP OR OUTUNE: 

Heai -fmels jrowi waim io ccct f>a*i ofsoiid 

1 Viarm mieades b</rv\p cool ones oM f>ass 

2 Steps ivhm ail wieculis art Some itiv\f>etccti^ 
K ^5cme £oUd$ C£>ndu£t hdte^ ih&^ ofhe/s 

I Bad ccnduchrs cure, dood tnsut^vfct^ 



MAPI 




(Conunutd on pagt 78) 
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LAW OF CONVECTION 

Th« Lau' of Convection eTtplains what happens when ^ liquid or gas is healed. This law 
says that when ^ liquid or gas is heaiedi it eTtpands and rises. When a liquid or gas is cooled* it 
chrtnlu* or conlraets. aj)d ^inks. 

Liquids and ga^es are both Jiuids. The molecules of \ihkh they are made vibrate faster 
when they are heated, just like the molecules in a solid. Bui because the molecules in a liquid 
or £as are less lightly packed than the motecules in a sotidi they tranfer heat in a different \iay. 

When the molecules in a fluid (liquid or gas) are heated and begin to vibrate faster, the>' 
Liove farther away froni each other. This is what ntean when w^ sa>' that a liquid or gas 
expands when it is heated. As the liquid or gas nkolecules spread apart, th^ rise* so the heat is 
transferred upward. 

The same thing happens in reverse when ihe molecules in a liquid or gas cool. As they 
vibrate more and more slouty, they move closer together. We say that the tiqwd or gas i^ 
contmatn^. As the molecules moit closer together, they bcgir to sink. 



MAP OR OlTTLISEr 

A mcl&:uJey ^ vu^d ^/thaie i^ier 



Note that m the section on the Law of Convection^ the concept of density is not 
explicitly discussed. Students can understand the law more easily when it is 
presented in this way. A fluid^s density, or how many molecules there are in a 
given volume, governs its tendency to rise or falK The molecular weight of a 
material is also a factor. 
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LAW OF RADIATION 

The U>* ct Radiition uys thii nji;ier pvti ott or rodhtes energy «]| of th« lime. The 
wmntt matter is, the more energy it radiates. When other inatter is hit by this radiating 
eikeriy^ it becomes wanner. 

When a fnat«rial heated, the molecules on its surface vibrate faster. These molecules 
then give off energy which travels in straight lines in aJt directions. When this energy reaches 
the mokcuies in another object, it starts these molecules vibrating faster and raises their 
temperatures. 

Radiation isawayoftramfernng energy from orepicceofmattertoanother \iithou* the 
vibrating molecules touching each other or moving from one place to another. As the picture 
below showsi you don't have to touch the stove to get v.::m, because it radiates energy. 





MAP OR OUTUNE; 



MP 



A. Mdfer^ives oyf energy 

L Mot^ctde* Sitrfau yibrafe, iaifer 

Z . Mfiteaji/£s ^ vc m ^"egfy fn s^wAiA/ fines 




(Cofifinutd on pagf SO) 
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REVIE^V: Look bade ova the noUs you have taken. With a pmner. choose One of the 
tdentific laws explained in the readings. Think of an exantpte frotn your own 
experience In which you saw the scientific law operating. Write a few sentences 
below that deKtibe your exantple. 

law: ^titkftl fesp^o0^ tfft*y * €£Pf^ anij r^^dtip rfi<:pchoe£. S?/ng 

EXAMPLE: po^sihi^ r£Sf>a^^ Ot^ 

lAy4 of G3hi/ec/fO*L^ IcitJiaorz of house are worm^ m juwer /ts hta f ^'J^^ s 
cf RadiOtt<s^i H&if ^i/e*t off hif sun 



RECOGNIZING SCIENTIFIC LAWS 

To recognize scientific laws as they opcraiei you can use the three ^'^P process of 
OBSERVING, RECORDING, and COMPARING described below. 

1) OBSERVE what is going on in the situation. Every ntovementt color, soundi 
sntell, tasie, and touch can tell you something. 

2) RECORD your observations. You tnay be able to remember many detail&> but the 
best way to remember all of them i& ^o write them down. Sometimes there may 
not be enough time to record ever>ihing. 

3) COMPARE your observations to other situations in which you saw similar things 
happening. What law was operating in those sittiations? Decide which scientific 
law best explains what you observed and recorded. 

EXAMPLES OF THE LAW Of CONDUCTION 

You have experienced the law of conduction many times- Perhars ^ou have had one of 
these experiences; 

1. Youleaveacoolspooninabowlof hot soup. When you pick upthespoon, it has 
become very hot. Heat has been transferred from the soup to the spoon and up 
the handle ac<:ordinc to the Jaw of conduction, 

2. You lean your arm on the desk for a long period of time. When you lift it up, you 
find that the place where your arm has been i$ warm. Heat has been conducted 
from your arm to the de$k top. 

Exercises 11 and 111 will show you examples of the laws of convection and radiation. 

SO 



The Review (page 80) can be done in several ways. Students can be assigned or choose a 
partner to work with* and the Review can be done with the readings in Exercise I as home- 
work. Students are responsible for calling or meeting with their partner to complete the 
Keview, OR, students can be given 5-10 minutes to complete the Review at the beginning of 
the class following the homework assignment, A third option is to have students complete the 
Review individually. 

3* Organize the class into groups of three or four, 

Reau "Recognizing Scientific Laws** (page 80) aloud> or have a student read it aloud. Discuss 
how this process is similar to and different from the jM-oblem solving process presented in Unit 
VIL 

5 minutes 

4. Have students read "Examples Of The Law Of Conduction** (page 80), Discuss as necessary. 
Ask students for other examples, 

5 minutes 
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t:xt:itcii^t: Ji 

Oifvctuttty YoMf Icachcr will d«in0Msuaic juath«r sdcnuflc lau' for you. Follow ihv Mcps 
below to sec if yoM ^^n rci:ognize whai n ts. 

I- OBSERVE whai ihe icachcf does, 

2. this space to RLCORO what you see happening: 



3, COMPARE this to other situations ihat seemed similar. 
*i. wliivh ^Clcnli^lv law dOKJs this cicp^rjtucp.t shou? 



t:xt:RCisK III 

DtrCctttMs: Follow' ihc sicps belo-/ lo see a ihtrd scientific taw at work. 
Stn- UP 

1. You util Ticed: a lighi t>utt> (plugiScd in) 
a pieee of cardboard 



8t 




5, Have students read the directions and steps for Exercise 11 (page 81), Carry out the following 
demonstration of the law of convection. 

1) Fill a beaker with water and place it on a rack* Place a Bunsen burner under the beaker 
so thai the flame is to one side of the center of the beaker (see picture above)* 

2) Let the water come to a boil. Instruct students first to observe and then to record what 
they see happening next, 

3) Drop a small handful of sawdust into the boiling water. Give students a few minutes to 
observe the results, 

^ 4) Ask students to complete Exercise IL 

When students have finished* ask several to explain what they saw and what law of heat 
transfer was jemonstrated* 

10-15 minutes 

6. Have students read the directions for Exercise III (page 81) and complete it in their groups. 
When they have finished* ask a member of each group to share her or his group^s findings and 
conclusions with the class* E)iscuss how this experiment illustrates the law of radiation* 

10-15 minutes 
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OBSSRVe AND HFX;ORI) 

L Plug in the light bulb. Hold vour hand to one side of the bulb without touchlcig it. 
What hapi«m to the tcmperd'urc of your hami? -JuimH ivo/mer; 

3. Leave your hand to one side of ihc llghl bulb. Hole! the cardboard between your hand and 
the bulb. 




What happens to the temperature of your hand? Cocis 

COMPARE 

4, Can you think of other situations in which you experienced something similar? What laws 
were in aaion in those situations? Discuss this with your group, 

5. What scientific law does this experiment show? ^ ofRMiidiGn 



82 



i2e 

108 



SCIKNTUtC I^WS AND TIIK SOLAR GKbf:NIIOUSE 



The solar greenhouse nperai<5 auordi^g lo ihc K<:tetH iftc laws of conduction* conv^lton* 
and radiaiion. Rtmeniber: 

One example of coinfttcttm is the uansfcr of heal through sohd matter. 

Canvectian h ttte transfer of h^ai in a hqmd or gas. Hcai«d fluids expand and rise. 
Cootc^J fluids contract and sink. 

HuiSmtum is ilie tratisfer of energy from ihe surface of an object into space. 

The arrous in the solar greenhouse below shou where conduction is occurring. Read the 
explanation us yo^i look at the picture. 



L\ptatwUQ/\: • H<at is conducted through ualls and roof to the outside (arrows #1). If 



walls e<}ntain niateriGh that are poor conductors (insulation), heat uill be 
lost more slowly. 

* Heat is conducted through ihegla^s to the outside (arrow Ml). If there are 
twO layers of glass with an air space beiv.een thenii heat will be loit more 

slowly. 

* Heat is ronductc<l through the ceding to the attic (arrow ri^J). Again^ insula^ 
tion here would slow down heat toss. 

* Heat is conducted through the ^all lo the hou^Ci helping to heat the house 
(arroH it Ah 



7, Read '^Scientific Laws And The Solar Greenhouse" (page 83) aloud» or have a student read it 
aloud. Discuss with students how the arrows in the picture of a solar greenhouse on pag^ 83 
show where conduction occurs. 

5~10 minutes 
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EXEKCISE IV 



Directions: Tfi« pictures betow and on the nexi page show the same solar greenhouse as on 
page S3. Each pjcturc has arrows which show a scientific law of heat transfer in 
action* For eadi picture: 

)) Observe - Jook carertdly to see what is happening. 

2) Record what is happening at each arrow in the space provided. 

3) Compare what you have recorded lo the examples of scjeniiHc laws jn Exer- 
cises II and JIL 

4) E^tplain which scientific taw is shown by the arrows. 



Pkture t 




J (D 46* 

n 



), Observe what b happening. 

2. Record: What is happening at arrow Warm€br nsis. dnrfj^cj>ifo hoase. 



What is happening at arrow $21 ^J*" rt'£i>\Ur& 



S4 



8. Ask students to read the directions to Exercise IV (page 84)* Have students complete the 
exercise in their groups* When they have finished, discuss their responses to the questions on 
pages 84-86. Students should be able to explain what law of heat transfer each arrow 
represents* Discuss what would happen in each picture if a) it were night and/or b) tempera-^ 
tures outside, in the greenhouse, and in the building were different (see the additional sugges- 
tions at the end of this unit for pictures of these situations)* 

15-20 minutes 
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3. Which example Troni Exercises 11 and UJ is similar II* what you $te happening with these 

anows? E)C&aSA IT wiih waff^j^ m biakfr. 

How arc Ihey alike? Btfft skruki w/trt^ jiutA rtim^ and rotd 

4, ^Tiich scientific Jaw do these arrows show? /^tv tif (hnvfichan 



Pklure 1 




9 "75* 

1 n 


' OS' 







J< Observe what is happening. 

2. Recoix): What is happeningat arrow II? -^f" rAHtfsjes enegy 



Whalisha[>p<nirtg at the arrows marked '2? g/g^sS <W woiU 

radjmk wgy cut mh soace, 

Whal is happening at the arrows marked '('3? 

fConimued on page 86/ 
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y Compare: Which c^tampk from Bwcises U and IIMs similar lo what you s«e happening 
m ihis picture? E^^cise JH wt% fi^kt bath. 



How arc I hey alike? _ 

-h Cooler FA^Lilijt- 

4. Which sci«ntinc law do the arrows in ihk picture show? 
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UNIT X SUMMARY 

APPI.VIiNC SCIENTIFIC LAWS: 

To figwc OLii v^Ukh sdcnnflo law is opcfaiing ni a siiuaiion^ follovt iheic sieps: 
OBSttKVf: what is hapfH'nim!. 
RGCOKD alt of yOLir olnervuiiorh. 

COMPAKU ^^li^i you (0 other ^Linaiion^ m v^tiidi yuu kiiov^ what Jav^ is up<.*r> 
rnnig. Thtrii. Jcciilc v^Mi strientLriv' bw trvptmm your ubservanoMS. 

SCIENTIFIC LAWS AND THE SOLAR CRFXNHOUSE 

Sv^^cniiflc fav^s describe; how maiKr and energy bdiave. 

\t(ttri*r 1^ ih(; ""siuff" cvcryihittt; is itiade or li e\Ht% in t-efy small bunches* called 
fttotcaites. 

When th« morcculcs are close logetW* ihe itiatier fornis a %ott</. 
When the molecules are farther ai>art« the matier is a ttquid. 
When the molecules ar*? v^^Y far apart* the matter is a gas. 

Three sdcniirie lav^s of heat transfer operate in a solar greenhouse. 

The / f'/ dmditdton: Whenever one part af a solid is warmer than another part, heat 
travels from the warm part lo cooler parts until the solid is all the 
same temperature. Through conduction* heat escapes through the 
solid surfaces of a solar greenhouse. To slow down this heat loss* 
you must use materials that ^tt poor cotuluctors to insulate walls 
and ceilings* 

The Law ttf CoftVecnw' When a liquid or gas is heated* it expands and rises. When itcools* 
It contracts and sinks. Warm air from a solar greenhouse rises by 
convection and mo^es into the attached building* Cool air from the 
buildii^ moves back into the greenhous^ to be reheated. 

The Law of kttdiumn: Matter radiates energy in straight lines. Warm mailer radiates more 
energy fhan (^"ool itiatter. When matter Is struck ^ radiant energy* 
it becomes warmer. A solar greenhouse receives radiant energy 
from the sun. At the same time* the outside surfaces of Ihe green- 
house radiate heat back into space. Heat also ^dtates from ihe 
back v^all of the greenhouse into the adjoining building* providing 
a soura' of heat for ihe building* 



9. Review the Unit X Summary (page 87) with students, 
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Additional Suggestions 

L Provide students with other pictures of solar greenhouses similar to those in Exercise IV (page 
84-86) but with different structures and temperatures. Several examples have been given below 
and on the next page. Include arrows, and ask students what they represent, OR ask students 
to draw in the arrows which show where conduction, convection, and radiation occur. 

SAMPLE PICTURES: 
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UNIT XI: WORKING WITH THE METRIC SYSTEM 

and 

HOW CAN WE STORE ENERGY? 

STUDY SKILLS 

This unit introduces students to the metric system and asks them to use metric measurements 
as they experiment with ways of storing solar energy. More specifically^ the unit presents the meter 
as a unit of lengthy the liter as a unit of volume, and the gram as a unit of weight, U also explains 
that degrees Olsius is a metric measure of temperature^ and that a calorie is a unit of heat (one 
calorie is the amount of heat needed to raise the temperature of one gram of water one degree 
Celsius). Prefixes such as kilo^ centi, and milli are added to metric measurements to indicate the 
number of units, 

A NOTE ABOUT TEACHING THE METRIC SYSTEM: 

Any measuring system is more meaningful to students if they can visualize the units. Since the 
United States still relies on the English system of measurement^ most American students do not 
"think metric,'* Students may find it helpful if meter sticks^ liter containers, and materials 
measured in grams (e,g,, a box of sugar or salt) are in front of them and continually referred to as 
they work with the metric system, 

STORING SOLAR ENERGY 

Non-renewable energy in the form of coal, oH, or natural gas is already stored; it is potential 
energy until it is burned. Renewable energy can also be stored as potential energy. Solar energy is 
stored in plants and trees (biomass) and in water capable of running downhill (the sun evaporates 
water from lakes and oceans, in effect lifting it uphill so it can run downhill). When the sun's 
energy takes the form of heat (thermal solar), however, storage is more problematic. Some 
materials are more appropriate for this purpose than others. 

On a sunny winter day, a well-designed, properly sited, and carefully constructed greenhouse 
will collect an over-abundance of solar thermal energy. The amount of extra energy varies from 
state to state and even from town to town* In almost every part of the United States a solar green- 
house will overheat unless the surplus is anticipated and dealt with* 

There are three ways to avoid overheating: 

1, Let in some cooler outside air by opening windows and vents. This solution is in- 
efficient and wasteful, 

2, If the solar greenhouse is attached to another building, circulate the warm air through 
the adjoining house. This would help reduce the occupants' use of non-renewable 
energy, 

3, Store the extra energy for use at night and on cloudy days. Materials appropriate for 
this purpose are called thermal mass. 

Most attached solar greenhouses share some of their excess energy with the adjoining building 
and store the rest for thdr own use at night and on cloudy days. 

In this unit, students will experiment with a variety of materials for absorbing and storing 
thermal solar energy. Through experimentation ^ students will determine which materials are most 
appropriate and effective when used in a solar greenhouse. 
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UNIT XI; WORKING WITH THE METRIC SYSTEM 

and 

HOW CAN WE STORE ENERGY? 

INTRODUCTION; THE METRIC SYSTEM 

In the United Stales, wc arc used to measuring distance in inches and fc«t and weighing 
thingi in ounces and pounds, '*^,fis is known as the English system of measuring. 

In sciencti you will often Hnd measurements in anoiher System* the METRIC SYSTEM, 
The metric system is used in most ether countries. This unit wilt help you learn to "think 
metric" and use the metric system as a scientific tool, 

MEASUREMENTS IN THE METRIC SYSTEM 

You may already use some metric measurements without knowing it. For example, 
temperatures measured in degrees Celsius are metric* white those in degrees Fahrenheit are 
Eiiglish. Beloup' are three other units of measurement in the metric system. 

The METER is a unit or length, like a foot or yard, A meter is about three feet long. 

The LITER is a unit or volume, like a quart or gallon, A liter is about the size of a 
quart. 

The GRAM is a unit oi mass or the quantity oi matter. Anywhere on earth an 
object's mass is the same as its weight. One thousand grams is approximately two 
pounds, 

tn the English system, we change from inches to feet to yards to show a longer length, tn 
the metric system, a prefix before the unit tells you the number of meters, liters, or grams 
being measured, 

KILO- means 1,000, A kilomete' is 1,000 meters, A kilogram is l«000 grams, 

CENTJ- means l/lOO, A centimeter is l/IOOof a meter, A centigram is l/IOOof 
a gram. Or, 100 etntigrams ^ ) gram, 

NflLLI- means 1/1,000, -A millimeter is 1/KOOO of a meter, A milligram is 1/1,000 
of a gram. Or, 1,000 millimeters = I meter, 1,000 milhgrams > t gram. 



EXERCISE t 

Directions: Use the information you have just learner] about the metric system to answer the 
questions betow and on the next paB«> 

I, It is three kilometers from one town to the next. How many meters is it? 

3000 m^grs 



NOTE ABOUT TEACHING THIS UNIT: 

Because this unit involves student experimentation, it will probably require two class periods. 

Suggested Directions for UnU XI 

1. Organize your class into groups of three or four. You may want to put one or more strong 
math students in each group, as several of the exercises in this unit require students to calculate 
their answers, 

2. Read ** Introduction: The Metric System'' (page 88) and '^Measurements In The Metric 
System'' (page 88) aloud» or have a student read them aloud. Use examples of meters, liters, 
and grams to help students compare these units to English measurements. Students can look at 
a meter stick or a metric ruler to see how meters are divided into centimeters and millimeters. 

Approximate time: 5-10 minutes 

3. Have students read the directions for Exercise I (page 88) and complete the exercise in their 
groups. When students have finished^ go over the correct answers to the four questions. 
Discuss any problems or questions students have about using the metric system in this exercise, 

5-/0 minutes 
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2. A mctcF slick is I mclcF iong. How mtny (xniimclcFs arc ih«rc on the mclcF stkk? 

100 centmejen 

3. A cOF)tain<T of water wdghs 4,000 grams. How many kilograms does it w^igh? 

4. A feailier wdghs ] milligram. How^ many grams does it wdgh? i/lDOO ^wn 

STORING SOLAR ENERGY 

The ^lar energy entering a solar gFccnhouse turns into heat when it strikes the Hoof, the 
walls, and even the plants. On a sunny day* the greenhouse can i)uickly get too warm. There 
aFeseveFal ways to prevent overheating. The most common one is to store the extra energy Tof 
use at night or on cloudy days. 

TheFe are many ways to store eneFgy. A car battery stOFes etectFical energy pFOduced by 
the running engine. A watch spFing stores energy when you wind it. A dam stoFes energy when 
it holds back uater which can be released to generate electricity. Non-renewable eneFgy is 
alFeady stOFcd in the form or coaU oil, and natuFal gas. 

FoF a solaF greenhouse to store energy, it must contain materials which can soak \}p heat 
like a sponge. MateFials used in this way are catted ihemuit mass. An ideal maieiial for storing 
energy in a solaF greenhouse would hold large amounts of heat and take up a small space. It 
would also be a material that loses heat slowly. 

In Exercises II and Ul you will experiment with several dirfeFent materials to see which 
would be most appropriate for use as thermal mass in a solar greenhouse. 
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4, Have students read '^Storing Energy** (page 89) to themselves* Discuss as necessary. 
5 minutes 
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KXKHCISK li 



Dtr^ttmi^t Fori<^w llic ifcps btky^ to carry <i«f an cxpcnntail abaui how Jiffcrcni itiatcc rals 
sioft heat. 



J. You wiM these matcrbli: 

I identical isl^^ j^i ^ith sctcw>on lids (one hok in t^Ach lid) 

3 CdiLUi thermo meters 

>n energy source (juii or heat lamp) 

material to put In jar&, luch a^ $anil> rocl> air> wuter> uood chipii clay 

2, Weigh (he ^(npty jars> Use a scale that tneasutei in gratm. Wtite the \veight or each jai >n 
the appropriate i|>ai ^clow. 



Jjt t jar 2 Jar 3 



y Fill each jar uiih a difrerent MiateriaL Weigh each jar. Record th«c weights in the appro^ 
priateipaccs Delow. Then > subtract the weight of jar I when empty frotn the weight of the 
*atnc jar when filled* The difr^rence ii the weight of ihc material in che jar. Write ihis 
.lumber tn (he approprrue space. Theni do the lame for jars 2 and y 





Maicri«l 


Wtlithi oFfUkdjar 


Wdgiii or einpt> J«r 


Wdfthc of miterial in J»r 


Jar 1 










Jar 2 










Jar % 











4. Screw on the jar lidi» and imcrt a thermometer through the liole in each lid. Pta^v all thre^^ 
jar^ at an equal distance from the light source. Be sure that noneof the jarsis shaded and 
that alf have the same amount of surface facing the light source. 



OBSERVE AND HtXX>RD 

5. Record ihc beginning temperature of each jar in Data Table ^1 on the next pat^e> Then* 
measure rhe temperature in cdCh jar at 2 minute intervals* recording your information in 
Data Table Jt^K Continue mea»iring the temperatures umil all the temperatures ^ectn to 
stop rising* 
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5. Have students read the directions for Exercise H (page 90). Explain that they will be doing an 
experiment similar to those they carried out in Unit IX. Before students begin work on 
Exercise 11, go over tht steps of the experiment with them, or have them read the entire 
exercise through on their own* Have ntcessaiy materials available for students. You may want 
to have all students experiment with the same three materials, or you may want to have 
different groups working with different materials. 

Ask students to complete the experiment, data tables, and questions in Exercise IL When 
students reach *he step COMPARE (page 92), you may want to help them find out what other 
groups have discovered about different (or similar) materials. For example, you might have a 
member of each group put the group*s data .tables on the board. Students could find the 
average high temperature of each material used and make a graph of all of the averages. Or, 
one table for each material used could be put on the board and the results compared. 
When students have finished the exercise, discuss the questions on page 92. Point out that 
although water did not have the highest temperature, it absorbed the most heat and therefore 
cooled more slowly, 

30-^40 minutes 
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Jir 1 

Mttltriil: 


JlkT 1 

Mittcriuh 


Jar 3 
M^ltrimh 


Bcj^inning temp 




2 tnmmcs 

4 nimMtcN 

5 minuits 












It) manures 















































6. Hcmo^^ tht jars Trom the energy source. M«asji« the temperatures at 2 minute intervals 
for to (pijrure^. RcvoiJ your dMa in Tabk* i9'2t bdo\«. 





Jar I 

M.t^«l£ 


Jir £ 


Jar 3 


Beginning [cmp 








2 mmufcs 








4 minutci 
















S mmuies 








10 minmci 









(C<ffttfntn*d oti pafte 92f 
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EXPLAIN 

7. U&iiig the iiirurmjiuxi Uotn l>at^ I jUJcs #1 aiiJ ff2* jiis^cf thtiH* qtic'ktions 

a) Which maicriiti fcached the highest icnipcraiure? . , _ 

b) W)itch ntaicfialstavcdihecoolosr „ 

c) Whkh mjiefiaNro|i|HHl the tcuesi mmtbet oi degievs ahu >\>u fcniof^cd ihc jjrs itom 
the wr^> soufL-e* . _ _ 

d) Whieh mjienal JKippcJ ihc {zreaicst JKiihbcf ol degree'^ utws yon /cimncd ihe j^rv 
trotn thecnerty' source'^ .... 

K II {>X\wt groups Ml v<mr clavv used dtllcrciit nutenaK* etimparc your rcsuhv lo ttivirv. Look 
lut' ^Mitch niaicn^l got lloliesi? 

Which niuienal vt>i>ed ilic coulcvt'* 

WhKh niatcrM^ had ihc greatest teniperaiure drop m Hie {{iven ttine"^ 
WhKh matcfrat hatl die leasi temt>eraiure drop? 



Mt:ASUR[N<; HKAT: CALORIt:s 

It ts ]x>ssitilc to riicavDrc the amoutii of hcai a matcnal ab^ofbs* or laKct. In and holds. 
The unit of hcjl i» the metric 'lysierti i\ the CALORIB. 

Otie CALORIB the amount of heat needed to TM^e the temperature of I gram of uatcr 
t degivc Cetsim. if I gram or water vtarts at 10 Jcgfecv Cehius and i$ heated to II degrees 
Celsius, Lt ha^ absoibed I cjlorieof heat. Il it iv heated ki 15 degrees CcKtus* h hasabM>rbed $ 
calories of heat. 

To find o*Jt how nian> ealorie^ of heat a matcrtal has abtorbed> muhipty tts weight in 
gfamv hy iiic ehangc in temperature, l/i the c?uitnpte abose> I gram of water x 5^ Celsius =^ 
5 calortes. 

E\umpk': If 100 grams of water is heated and its temporaiure is tmcd 20' Celsius* how 
iiiati> eatonc^ ha'kc been aJJcd? 

100 grams oLwa tef x 20* Celsius = 2>000 ealoites 

Rettwmbvr Heat> measured m eatoftes* and temperature* measured tn degfecs* are not the 
same. Heat depends on the amount of maierial> Temperalur* docs noi» A tea* 
spoonful of watef and a hathtub full ^f water may both be at the same tempef. 
atitic: 30* Celsius. But the bathtub eonlams more heat, or calories, and witi 
therefore cool niore slowly> 
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6. Read "Measuring Heat: Calories'' (page 92) aloudi or have a student read it dloud. Go over 
the Example on page 92* If students need more practice, provide them with other examples 
that help them understand what calories are and how they can be computed. 

NOTE: The English term comparable to calorie is the BTU. It is defined as the amount of 
heat needed to raise the temperature of one pound of water one degree Fahrenheit. 

5 minutes 
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EXEAQSE 111 

Oirections: ih« inromtttion you recorded in Exercise [1 lo fill in the blanks bclow. Pir&u 
wrii« tht jiMt of «aeh miterift] you u$«d in tht spaces provided. Then, for each 
mitcrhl, write the inromittion asked for. Th[s information will help you fmd out 
how much hcii each material absorbed. 

1- What was the weight or this material? grams 

2* What *as the beginning temperature? 'Celsius 

J. Wh^t was the highest lemperatufe this mate/Jal reached? ^Celsius 

4. What was fie change in temperature? (Subtract the beginning temperature from the 
highest temperature.) 'Celsius 

5. Hnd hovv many calories the material absorbed. Multiply the weight in grams by the change 
in temperature. 

Write your result here:.^ grams x 'Celsius = calorics 

MATERIAL 2: 

1 . What was the weight of ihe material? grams 

2. What was the beginning temperature? 'Celsius 

3. What was the highest temperature this material reached? ^Celsius 

4. What was the change in temperature (highest temperature minus beginning temperature)? 
'Celsius 

5. How many calories did this material absorb? (Multiply grams x change in temperature.) 
grams x ^Celsius ■ calories 

MATERIAL J: 

[. What was the weight of the material? grams 

2. wiiat was the beginning temperature? ^Celsius 

^- What was the highest temperature this matermi reached? ^Celsius 

4. What was the change in temperature (high^t temperature niinus beginning temperature)? 
Xelsius 

5. How many calories did this material absorb? 

grams x ^Celsius - calories 

(Continued On page 94} 
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7. Have students read the directions for Exercise III (page 93). Point out that they will be using 
data gathered in Exercise II to find out how many calories of heat each material absorbed. 
Have students complete the exercise in their groups. When they have finished, discuss their 
answers to the questions on page 94. 

15-20 minutes 
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Now viswcr the»« <)mtions: 

1. Which matcrUlwa^expOMd to the most heat? Al/ tn4^<a.h were y^poafij 

'hHie.sa^amouxt of tteaf- 

2. Whkh material jibsorbcd the most heat (the greatest number of calories)? 

3. Which material wontd you choose to store heat m a solar greenhouse? 



Why? If vii^ ivAS cn^cfiius^ makhot^ jfesfaff t sfudejifs tMll usuatkL 
•pnA ^fhd it ahscrbed iht mo^f heaf and would ^ergfcrg ^ 
n\Dst suduhk ry^iitertal -/o use ^e^rf shr^ m a solar ^^tptkousp . 
if wcier was Ve^erf , sjudenf^ shotUd choose tvH/c*t£V€r Moi^tcd 

The ^^ittal whidi absorb^ 'Ae rnod^ wotdd be ihe, 
because.'. 

would be rnpsf /^rfiven/r*^ overheaiin^ 
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UNIT XI SUMMARY 



WORKING WITH THB MORIC SYSTKM 

The metric system ^ a way or measurinS distance, votume. wdght. lemperaiurCf and 
heat. In ihe meuic system: 

A meter is a unn of IcnM. 

A liter is a unn of volume. 

A ^nm IS a unh ur mass or weight. 

Tenipcralurc is mea5ur«<] in tftgrecs Ctlsluf. 

A calorie ^ unit of heat. A calorie b the amount or heat needed lo raise the i^m. 
perature of I gram of water I* Celsius. 

Inihc met ric system, prefixes are added loshow the number of eaeh unit being measured. 

Kilu ^ hOOO. A kllomeier = hOOOineters. 

CentI - 1/100. Acentimetcr= l/lOO meier. 100 eenlirneters » I meter. 
Milti o l/hOOO. Amillimeier = 1/1.000 meter. hOOO millimeters ^ 1 meter. 

STOKING ENERGY IN A SOLAR GREENHOUSE 

Energy can be stored for u^e at a later time. Non^renewable energy is already stored >n 
die fom of oil. gas. and coal. 

A solargfcenhou^e will overheat on a^unny winter day unless something is done with the 
extra heai. One sdurion is to store the e^tira heai for at night or on a cloudy day. 

Maicriats whteh absorb and sioie heat ^■'^ called fhenmt untss. Air is not an appropriate 
thermal miiss because it eannoi store very much heai without becoming too hot for a solar 
greenhouse. Waier is a very appropriaie thermal mass because it can stone a lot of heat at a 
low lempcrature. It cocEs very slowly. 



8, Review the Unit XI Summary (page 95) with students* 
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Additional Suggestions 



1. To gain more familiarity with the metric system^ students might begin to examine packaged 
food and beverage containers. Almost all of these packages have metric as well as English 
units. Students could design a bulletin board displaying these labels and other uses of the 
metric system that they find, 

2. More advanced students might want to work through the following problem to determine the 
amount of water storage material needed to prevent a solar greenhouse from overheating. 

Assume that this solar greenhouse is 4 meters wide> 10 meters long> and 3 meters high where 
the roof meets the back wall. This greenhouse can collect 60,000,000 calories of solar energy 
on a sunny winter day, only half of which it needs to maintain a comfortable temperature. 
How many liter-sized containers would be needed to store this extra heat? 

a. Water stored in a solar greenhouse usually ranges from 15^C to 25^C over the course of a 
sunny winter day. How many calories of heat can each gram of water absorb and store? 

1 gram x (25-15)^ Celsius/gram ~ 10 calories 

b- How many grams of water are needed to absorb and store the extra 30,000,000 calories? 

30,000,000 calories ^ 10 calories/gram ^ 3,000,000 grams 

c. One gram of water occupies one cubic centimeter (cm^- How many cubic centimeters of 
water storage are needed for the amount of water you found in question b? 

3,000,000 grams x 1 gram/cm^ = 3,000,000 cm^ 

d. One liter equals 1,000 cm^ How many liters of water storage are needed? 

3,000,000 cm^ ^ 1,000 cmVliter = 3,000 liters 

e. The area of the back wall of the solar greenhouse is 3 meters high by 1 0 meters long, or 300 
centimeters x 1,000 centimeters = 300,000 square centimeters. A liter measures 10 
centimeters by 10 centimeters by 10 centimeters. The surface area of one side of a liter con- 
tainer is 10 centimeters x 10 centimeters = 100 centimeters. In question d you found out 
how many liters of water storage were needed in this greenhouse. Would that number of 
liters fit against the back wall of the greenhouse if they are stacked one on top of another 
one row thick? 

300,000 cm^ -r 100 cmVliter = 3,000 liter containers 
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UNIT Xn: WORKING WITH LARGE NUMBERS 

and 

HOW CAN WE CONSERVE ENERGY? 



STUDY SKILLS 

To work with the large numbers involved in energy use and conservation* students need to be 
familiar with scientific notation. This unit introduces students to the use of scientific notation* It 
also gives students practice in adding* subtracting* multiplying* and dividing numbers written in 
scientific notation. 

A NOTE ABOUT TEACHING SCIENTIHC NOTATION 

If students are not familiar with scientific notation* you will need to provide more examples 
and extra practice problems to supplement those given on pages 97-99 of this unit. Some extra 
problems have been provided in the Additional Suggestions to this unit. 

This unit requires a great deal of computation. Your students will find calculators useful in 
multiplying and dividing the coefficients of numbers written in scientific notation. The use of 
calculators will not detract frcm the activities presented in this unit. 

CONSERVING ENERGY 

It serves little purpose to attach a solar greenhouse to a home or building if the extra energy 
produced by the greenhouse is wasted through inefficiency. This unit presents several ways in 
which heat can be conserved in a home or building: 

• keep the furnace runnir^ efficiently* 

• insulate the attic* 

• install storm windows* 

• close drapes at night; re-open each morning* and 

• lower the thermostat when people are out or asleep. 

The unit explains that heat is measured in British Thermal Units* or BTUs* One BTU is the 
amount of heat needed to raise one pound of watef one d^ree Fahrenheit. Students can find out 
how many BTUs their home or school uses by multiplying the number of BTUs in one gallon of 
oil* a cubic foot of natural gas» or a kilowatt of electricity by the total number of units of fuel 
used. 

Students are asked to work with one method of co serving energy — insulation — to see how 
much energy can be saved by using it and what its costs are* Examples of savings from other 
methods of energy conservation are included in the Teacher*s Guide for this unit under Additional 
Suggestions* You may want to use these with your students for comparison* 

After students have completed this unit* you might want them to gather information about 
energy loss and conservation in their homes or in the school. The formulas given can be applied in 
either situation and will reveal several ways in which real energy dollars can be saved through 
conservation. 
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UNIT XII: WORKING WITH LARGE NUMBERS 

and 

HOW CAN ^VE CONSERVE ENERGY? 

INTRODUCTION 

Ikai CKapCh from many JiffcretH pfacc^ in a hou^e or buklJinj;. Look at the sketch 
bvJou. Ijrau arrows lo^fkou whtrv yon ihmk tkcai c^v'Up^s from ifns house or wasieJ in this 
house Then* label c4l'Ii arro\\. One arro\\ lias been Jra\\-n and Jabdctl as an example. 




CONSERVING ENERCY 

So far you have [earned about trapping sad storing solar energy in a solar greenhouse. 
But trapping and storing energy is of little use if the energy is allowed to escape into the 
outside air- ^Vc also need way^ of keeping energy from being lost or wasted. This Is called 
amiervmn etiefgy. This unit will show you several ways of conservit^g energy In a house or 
building. 

% 



Suggested Directions for Unit XI 

L Organize students into pairs or groups of three to four* If students are using calculators^ they 
will need one calculator per pair or small group* 

2, Have students read the Introduction" (page 96) and draw the arrows showing heat loss* 
Draw a similar house on the board* When students have finished^ have several crnie to the 
board and draw and label the arrows they have on their papers* Add any arrows suggested by 
other students or by the illustration in the picture provided above* Discuss as necessary* 

Approximate time: 10 minutes 

3. Read ^'Conserving Energy*' (page 96) aloud» or have a student read it aloud* 
2-3 minuses 
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WORKING WITH LARGE NUMBERS 

To undmtand the unouni or heat which enters and leaves a building, you need to be able 
10 work with very large numbers. These numbers are too big Tor most hand oJculators. 
Fonunaidy, scieitiists have developed a system of dealing with large numbers. Tbis system is 
called SCJENTJFJC NOTATION. 

In SCIENTIFIC NOTATION, the number 1.000.000.000,000.0 is v^itten as IJOx 10" 

* Notice that in scientific notation the decimal point is moved so there is only one 
digit to the left of the decimal points in this case a 1. The number of pfam the 
decimal pomt has l>een mox'ed is showtt by the number ttbove ottd to the tighf of 
the 10. Tbis number Is called the expottettL In I x 10<' the exponent is 12. Tbis 
means the decimal has been moved 12 places to the left, 

• Tbe number with the dedmal point is called tbe coe/fictetn. 
Look A( the examples betow, 

n) l.000«000«000«000 = 1.0 X 10" 

I 

cccfftcient 

b) ISO « 1-5 X 10' 
1 

cocffjcient 



c) I,BS0.000 = LBS X 10" 
t 

cocffkicni 

EXERCISE t 

Directions: In Part A. put each number into scientiHc notation. 

In Pan B, write out the number that is shown in scientific notation. 



PART A 


Scientific Notation 


L 1,000 


L 




2. 3,2SO,000 


2, 




3' 43*000 


3, 




PARTB 


Number Written Out 


4. 6x10* 


4, 


600.000 


S, L2x 10' 


S. 


t2£> 


6. 7.32 X 10' 


6. 


73Z0 
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4* Read ^'Working With Large Numbers'* (page 97) aloud, or have a student read it aloud. Go 
over the examples on page 97, Provide other examples if necessary. 

If 'j>tudents are not already familiar with rounding off, you may want to show them how to 
round off in scientific notation (e^g,, 1,47893 x 10* = 1,5 x 10'), 

10 mimics 

5, Ask students to read the directions for Exercise I (page 97) and complete it with their partners 
or groups. When they have finished, review the answers and discuss any problems students had 
in doing the exercise. Provide other examples if necessary, 

15 minutes 
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WORKING IN SCIENTIFIC NOTATION 

NumtK^rs uri(r<ii in s\:icmiric noratKiii can be adJt^l* subtractciJ* muiriptteil. and dhtd«<i. 

Adding ;ind SublmtrtinK 

To add or ^ubu^tct numbers scientific notaiion. you must be sure thar the e^fntfj^ms 
arc the same* 

Vou can add 4 \ 10^ and 3 x 10^ buf >ou vatiiiot add 4 x 10^ and 3 x 10^ 

If you ba\e to add 4 x 10' and 3 x 10'* you can change one ot (hem exponents arc 
the same. For example. >m ^ould say; 



Ihen >ou ^'ould add 40 x 10^ and 3 x I0^ 

Q>H4* rw w/jww^nrs rj^t* uan*^: 
TO ADD; ^f/rf rV <wjfyj</fnr*, 

(40 X 10^) + (3 X 10') (40 + 3) X 10= ^ 43 x 10^ = 4J x 10' 
TO SUBTRACT; Subiraa ffje aje/ffvwnt^, 

[40 K m - (3 X m a (40 - 3) \ 10' = 37 X 10^ =i 3J x 10* 

Mutnpl>iiij( and Dividing 

When you multiply or divide in scientific notation, the exponents do not ha\c to be the 
same, 

TO MULTIPLY; Muhtpty Ote coeffiiut^m unci add the epcponenis. 
itxlO') X (4x 10^) = 
(6x4) X (10^ ^ 24 X 10* = 2.4 X 10* 



6* Read ** Working In Scientific Notation'* (page 98) aloud, stopping as you read to work through 
the examples given for adding^ subtracting, multiplying^ and dividing in scientific notation. 
Provide other examples if necessary. 



4x 10' = 4.000 - 40 X 10 



Multiply AftJ 



TO 1>1VJ0E; DiYidf the coefficients md subtract the exponents. 
(6 X 10*) - (3 X 10^) ^ 
(6-3) X (10* ') = 2 X 10' = 20 



Divide Subtraci 
t^irtoents eYponcnit 



10 minutes 
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EXERaSE II 

Dinctions: Do the probtons Mow to practice adding, subtfaclingi multipilyine. and dividing 
in jcienlific notation. Use lh« ocaniples on page 96 for help. 

1. (9 X m - (e X w) - f^-8)x^o^ ^ / y to^ 

4. (6 X it)-) - u X io*) = (gy^) y (10^'^)' 2yto^ 

s. iAxm + ii.2xm= (4•^S2) x /t?^ = 72 x to^ 

7. (3 X iCC) y »x 10') = (3 y (tO^*^)^ 2.1 XlQ^ r xid ^ 

e. (9 X m - (3 X iv) = (9-=-?) y ^/o'^"*)' 3x/o^ 



7. Have students read the directions for Exercise 11 (page 99) and complete it with their partners 
or groups. When students have finished* have a student explain how he or she solved each 
problem. Discuss as necessary. Provide other problems if students need more practice. 

IS minutes 



130 



148 



I1KAT1N<; VOUR IfOMK 



Scitnun« noiattait «an be litlpful tn riguniMi oui hou to k«cp htm in your house in tht; 
winter* 

Hear is measured m Brajsh ThermaJ Unils* or BTUs, A BTU is ihe amount of heal 
needed to rai&e the lemperature ofone pound of water one decree Fahrenheit, A galJon of f net 
oil contains about 140*000 BTUs 11,4 x 10') of heat. 

inihc ngrihern part of ihc U,S,* a three bedroom hou» mishi use 1.000 <U 10*) gallons 
of fuel oil each winter. To IjnJ out how many BTUs of he^t thi& house would use, you uoulJ 
muhiPly the numl>er of BTUs contained in one gallon of fuel oil by the total number of 
gaitgnt of fuel oil used. 



This sample house uses 1,4 x tO^* BTUs each winter, If you can fmd out how much fuel oil 
}our home usestvery winter* you can u$« the same formula to find how many BTUs you use. 
If your home is heated by electricity or natural gas* you can use a similar formula. One 
kifoaatt hnur vxintatns 3v4l4 BTU&, One hutitkcd cubh: feer of natural gas contains 103^000 
BTUs. 



Anything which can be done to keep heat from leaving the house saves encrg>' and 
money. One way to conserve energy ts to be sure thar your furnace works efficiently. Other 
wayi are; 

1) imulating your house* 

2) Puttmg up storm windows to stow down the loss of heat from windows, 

3) closii^ drapes every night and opening ihem in the mornii^* and 

4) turning down the thermostat when people are out or asleep, 

FAKttCISt: 111 

Direatons: Work through the steps of this Problem to find out how many gallons of oil can 
be saved by insulatmg the attic of a house. Use scientifTc notation to help nork 
with the targe numbers. 



8- Read **Heating Your Home'' (page 100) and **Copserving Heat'' (page 100) aloud, or have a 
student read them aloud. Discuss as necessary. Note that the English unit for heat, BTU, is 
used rather than the comparable metric unit. This reflects common commercial usage. 

5-/0 minutes 

9. Have students read the directions for Exercise III (page 100) and the **Background Informa- 
tion** (page 101) provided for this problem. Have students complete Exercise III with their 
partners or groups. When they have finished^ discuss how much energy can be saved through 
insulation in this particular problem. 

Students may fmd calculators useful in this exercise. 



(1,4x10') X (I X ID') ^ 1.4x10* BTUs 



BTUs f>om 
I gallon of 
fuel oi] 



Total 
(faltons of 
fuel oil used 



CONSERVING HEAT 



15 minutes 




Bicbsroufld rnformtllon 

Hou5«$ A and B '^tli have IfOOO square f«et of Hoof area in (he attic. House A*s attic is 
insulated. House B's anic b noi. 





House A loses .66 x 10^ BTUs ^very hour through the ceiling. 
House B loses 3.6 x 10^ BTUs every hour through the ceiling. 

The beating season for these houses consists of 3,000 (3 x 10^ hours. 

a) How many BTUs will House A lose through its insulated ceiling during a heating 
season? 

3 X 10* hours « /.?3 >f fO^ eWs 

t i 

Sdiiibfr of iiotm WJVt tost kt • 

b) How many BTUs will House B lose through its uninsulated ceiUng durir^ a beating 
season? 



.66 X 10* BTU/hour 
I 



3*6 X 10* BTU/hour x 3 x 10* hours 



2. How many BTUs House A save ^7 insulated? Find tbe difference between the 
toial number of BTUs lost in House B and House A. 



H<»Mf B 



3. Find out bow many gallons of oil are saved by imitating House A. Divide the number of 
BTUs saved by the number of BTUs in one gallon of oil (M x 100* 

g.82 y fO* aTOa - i.4xiO'BTU/gallon = A.Sy/f?'^ 63 



BTUf in I ttNoa 
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THK COST OF SAVIN<; KNUttGV 

T\^o or lUc iovkv uK^csiiotis jCHCt) on Ptigc tO() for vaviiig energy cosi no extra money, 
Cfo%tn^ the drapes and iurmtt^ dttycn tht thernioMitt s;i\c energy atiJ money bui cost you 
noiliing. 

It docs^ cosi money to add :>tortti wttttioits or mudamt* 'o your hous«. You can Hnd oui 
lio"^ mucN 11 costs and compai« n lo bow much vou sa^e It m ly take several tnomhisor years 
10 pay b<iik the t-^ost of the iiiiulaiion or siorin window* ou^ of the money they sav< you. But 
ons:c tliis amount of time has passed, the s^ivlngs and the conservation of energy eominue. 

IV investing mone>^ in your house to save energy, you can ofi«n sav« more money on 
heating bills than you could have earned by pulling the same amount of money m ihe bank. 
You liavo also helped to conserve a fmitc source energy. 
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10. Read "The Q)st of Saving Energy** (page 102) aloud* or have a student read it aloud* 
Discuss as necessary. 

Additional Suggestion #2,on page 135 of the Teacher*s Guide, is an exercise in which students 
compute the cost of insulating a house and the length of time it takes to pay back the initial 
expense* This exercise could be in:;erted at this point in the unit. 

5 minutes 
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UNIT XII SUMMARY 



SCIENTIFIC NOTATION 

Scicminc noraiicn is a sy&iem Per working wuh large numbm. In scKniific notation* ihc 
number ]tOOO»000>000 if wrllicn as: 1.0 x 10*. 

The I IS live coe/fwrn 

The 9 IS ihc expontiri. It ^ho^rS how niatiy places ihc decimal point has been niovc<l 
lo Ihc lefl. 

Numbers jn sciermric notation can C>e addctJ* ^ubtracietl* multiplied* and divided. 
To ADD or SUBTRACT the exponents must be the same. 

TO ADD: Add the ooefricient^. Keep the expoiteni iho ^itte. 

(3 \ JO*) + (6 X 10** = *^ X 10* 
TO SUBTRACT: Subtract ihe cocffieiculs Keep the exP<)nent tl»c same. 
(Sx lO-J - (4 X 10*) ^ 4 X 10* 
You <:an multiply or divide in %cienLino notation even the exponents are 4irferent. 
TO MULTIPLY: Multiply ihc eoeffiaent^ and add the exponoms. 

(2x 10*) X (6\ 10-) - 12 \ 10* 
ro DIVIDH: Divide the coeffidenis and subtract the oxti>oiients. 
l9 X 10*) - (3 \ 10*) - 3 \ 10^ 

CONSERVING ENERGY 

It lif not enough lo trap and store sotar enerj^y Tor hter use. Wc musi also Hnd *^ys lo 
\k>(* down the loss of heat fron> a house or building. OihcrtfrisCt much of ihe heat coliixii*d by 
tttc t*:eenhouse will be Ur'asteti- Slowing do^vn ibe rate of hcai loss i» a method of i^meniitfi 

There are many wj>s lo conserve heai. 

U Be sure that your Turnat'c i\ t^orLing CfUctcjitly. 
2) Insulate the ^wk. 

^\ Vm up siorm ^indo^vs ihat LceP air from ewat^nfi from windows. 

4) Close the drapes each nighi and rc-open ihem c^cry morning. 

5) Turn down ihe thertnostat when people arc out or asi«t». 

All of these forms of conservation will ^ave energy and money. The first ihrce ways of 
voiiwrvirig energy listed above will also eost money. It ma> take several months or years to 
fHtv tktcK the iost of conserving out of the savings. But once the payback time has r^^se^* the 
conservation and savings continue. 



Ih Review the Unit Xll Summary (page 103). 
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Additional Snggestions for Unit XI 

1 . Additional practice problems for Exercise I: 

Put each number into scientific notation: Write out the number shown in scientific notation: 

2,300 2.3 X 10' 4.3 x 10* 43,000 

320 3.2 X 10' 9.1 X 10* 9,100,000 

120,000 1.2 X 10' 3.66 x 10' 3,660 

Additional practice exercises for Exercise II: 



(4 X 10^) + (5 X 10') 

(4.2 X 10') + (2 X 10') ^ 
(8 X 10') - (4 X 10') 

(6 X 10*) - (3 X 10') = 

(5 X 10') X (4 X 10*) = 

(6.1 X 10') X (3 X 10') = 

(8 X 10*) - (2 X 10') = 

(6,3 X 10») (3 X 10') ^ 



9 X 10^ 



(42 X 10') + (2 X 10') = 44 X 10' = 4.4 x 10' 



4 X 10' 



(60 X 10') - (3 X 10') = 57 X 10' = 5.7 x 10* 



20 X 10' = 2 X 10"* 



18.3 X 10' = 1.83 X 10' 



4 X 10' 



3.3 X iO' 



2. Have students use their answers in Exerdse III to compute how much it would cost to insulate 
the ceiling of House A and how long it would take to pay back this cost. You should substitute 
the current oil prices for those given if the difference is significant, and substitute cost per 
KWH or Therm (l{X)ft') if electricity or natural gas is used by the majority of your students. 

Directions: Follow the steps of the problem below to find out how much it costs to insu- 
late the ceiling of House A. 

a. Suppose a gallon of oil costs about $1.25. Find out how much money House A saves by 
insulating the ceiling. Use your answer from Exercise III, question 4 for the number of 
gallons of oil saved in a heating season. 



63 gallons 



$1.25/gallon 



$78.75 



t t t 

Number of gallons saved Cost per (jsUon Money saved 

It costs about $ .30 per square foot to install insulation in an attic. How much would it cost 
to insulate House A, which has 1,000 (1 x 10') square feet of attic ceiling area? 



$ .30/sq. ft. 



1,000 sq. ft. 



$300.00 



c. 



t t t 

Cost per squfue foot Number of square feet TotsI cost 

In Step 1 you found how much money you would save each heating season by insulating 
your attic. In Step 2 you found how much it cost to put in the insulation. If you saved the 
same amount every year» how many years of saving would it take to pay back the cost of 
the insulation? Divide the cost of the insulation by the savings per year* 



$300,00 



$78,75/year 



3*8 years 



t 

Cost of insulation 



t 

Savings per year 
135 



t 

Years to pay back 
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3. Have students figure out the number of BTUs delivered by an average oil burner. 

Because some heat is lost up the chimney, a furnace which is 100% efficient can still 
only get 80% of the BTUs in the fuel. If a honse uses 1-4 x 10* BTUs in a winter, 
how many of those BTUs are actually available after er.tropy? 

1.4 X 10* BTUs X 80% = i.4 x 10^ BTUs x .8 ^ IA2 x !0* BTUs 

Most oil burners have an effici^^r :y of only 80%. That is, they can deliver only 80% 
of the energy available ic them after entropy. How many BTUs would an average oil 
burner deliver to the homo used in this example? 

\A2 X 10* BTUs X 80% ^ 1.12 x 10* BTUs x .8 = S.96 x 10' BTUs 

4, Students can begin to look at ways of conserving other forms of energy, such as electricity. 
They might, for example, !ook at the lighting used in their school, and answer some of these 
que.stions. 

Incandescent tights use far more energy thafi fluorescent lights. A 150 mtt 
incandescent light gives about the same illumination as a 40 watt fluore^^int 
light- 

Your classroom is probnbiy Ul with fluorescent bulbs. Count the bulbs and find out 
their wattage. How many watts does your classroom use? 

If the lamps were incandescent you would use four times as much. What would the 
wattage be if the lamps were incandescent? 

How many watts are saved by using fluorescents? 

How many hours a day are the classroom lights on? 

Multiply hours x watts x number of school days to find out the total number of 
watt/hours used in a school year. Divide by 1,000 to get kilowatt/hours* 

How many kilowaa hours would you save if you reduced the number of hours of 
usage by !/3? 

How might you achieve this reduction? 

Find out how much your school pays per kilowatt/hour. How many dollars could be 
saved if every classroom in the school reduced usage by 1/3? 
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PART THREE: 
APPROPRIATE TECHNOLOGY AT WORK 
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UNIT Xffl: DEVELOPING AND TESTING AN HYPOTHESIS 

and 

APPLYING APPROPIttATE TECHNOLOGY 



STUDY SKILLS 

In this unit^ students will work through the steps of the scientific method, 

1 . They OBSERVE how an appropriate technology which they design and build per- 
forms in comparison to those designed by their classmates* 

2. They DEVELv AN HYPOTHESIS about their device based on observed similarities 
and differences* 

3. They TEST THEIR HYPOTHESIS by improving their device in a way suggested by 
the hypothesis and then retesting the device* 

4* After observing the performance of their device a second time^ they DRAW CON- 
CLUSIONS about the accuracy of their hypothesis. 

Students have practiced observing in Unit X, **Applying Scientific Laws/* and have had to 
draw conclusions in Unit VII, **Problem Solving*** This unit incorporates these skills into the 
scientific method and introduces the new skills of developing and testing an hypothesis* 

APPROPRIATE TECHNOLOGY 

Unit XIII gives students the opportunity to build devices which capture renewable energy* 
Through this process they discover some of the technical problems found in the application of 
appropriate technology. They also identify some of the variables which determine the success of 
such devices* 

Students are given the option of building a passive solar colleaor, similar in function to that 
used in their experiments in Units IX and XI, or a wind machine* The Additional Suggestions in 
the Teacher*s Guide for this unit include information on building an active solar collector* This 
can be offered to students as a third option or used as an additional activity* 

NOTE: Answers have not been provided in the Teacher*s Guide for this unit. Students* answers 
will depend on their devices and tests. 
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UNIT XIII: DEVELOPING AND TESTING 
AN HYPOTHESIS 
and 

APPLYING APPROPMATE TECHNOLOGY 

JNTRODUCriON 

This imii will gne you a chuncc lo uy oui f^aiiy of (he itJcas you Imvc teamed aboui 
appropiiuie icchnoloigy by creeling a device to irap and use rcnc^^ablc energy. By compiinng 
>ouf dcvn:^ 10 ihow created by your dassniaics^ you should be able lo com« "P ^iib some 
changes ^^hich will improve jis performartce. 

FASf^lVEi: SOLAR COLLECTORS AND WIND MACHINES 

hi Elxerdse I on page 105 you will buitd etiher a f>a5s1ve tohr collecior or a wind maehine. 
Uoih of ihcse devicts are explained bdow and on the nexl page. The expianaiions describe \ht 
purpov; of boih devices* ho^^ you will lest iheir Performance* and what maienals you can use 
to buitd ihem. 

PftSAive Solir Collrcior 

f'ufiH>%i*: To rahe the aif tcitiperaiUie to a comfoitaWe level and matiitain lhat 
lemperaiure for as tong as possible. 

Tint: Vou wilt lesi this device by letting i( collect ^lar energy uniil the air inside 
reaches a lemperaiure of 21^C* Vou will then remove it from the light source 
and measure how tong it jaltcs before ihe lempcraiure fails to 1J*C. 





Comoimbil MitCTiit 


Vour MitrdAl 


Purpose 


Transparent 
eovCT 


elais* pleviRbss 


pluiic wrap 


allows ti£lii 10 enta 


Structure lo 
be htatcd 


house* {greenhouse 


shoe box, coffee can* 
jar* wood box 


uses hear 


Stor^ 
mataial 


staie. rock, dark^p 
colored olcs. uaicr 


dark stones* gravel* 
dark sand, water 


stores heat and returns 
It 10 space gradually 


tnsulaiion 


fiberglass, cellulose, 
xtyrofoam 


any insulanng 
material 


keeps heat (wm leaung 
space too <luic^ly 



PASSIVK SOi^iR COLhECTOR 




Suggested Directions for Unit XIII 

L Organize your class into groups of two to four, 

2. Have students read the ** Introduction** (page 104), Read ^'Passive Solar Collectors And Wind 
Machines" (pages 104-105) aloud, or have students take turns reading it aloud. Discuss the 
materia! in the data tables and the kinds of passive solar collectors and wind machines students 
might build. 

Approximate time: 10 mimites 
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Wind MMchinr 

f^urjmf*: I o make m\ axle turn ^ quu^kly ai po&siblt. i^cncratirtg c«crg> for ctiiet u«s. 

n^/; You will tcsi this Jcvkc by P^iniing vnc blade a bnislii color, Vcu vijII ihcn 
count hou manV limes ihe blade gocs^ around tn a ihree ininuic pcrtod ^hcn 
cxpoiscd 10 a wind source. 



_ . . 








niaJcts) 


ligbl me«4l. wihhJ. 


Uidboird. bjtvj 


catcher wind 






w<Kxl. nigral, plajiii'. 


cncigy 






lIolIi 




A\1c (mj> be 


rnetal 


m«ial. wood, ptanttit^ 


tufm ^ bladn (utn. 


hor</oriu] or 






prodiKiftt clcctjical or 








tnec]ia»i(^al ctttiig) 




metal 


wooO. metal 


uipjK>/i^ oxk and bUiiv 








and faiscs tli^m into 








wind cur rem 



W1NJ> MACHLNK 




Difecttaits: With your pai^ncr or group. buHd cither a passtve solar coffectc. ot a wtttd 
fHitt-httie. The purpose and maierials Tor each arc described above. Bring your 
device 10 class. Be prepared to test it on the day set by your leacher. < Voi.; teacher 
will icll yoM if there arc htic atid maierials timitauons.) 
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3- Have students read the directions for Exercise I (page 105), You may want to have all students 
build the same kind of device (either passive solar collectors or wind machines). You may also 
want to set limits on size (e,g,, less than two feet across) and materials (e,g,, no aluminum 
foil)* The goal is to allow students the flexibility to be creative while keeping the devices similar 
enough so that students can identify the reason(s) for differences in performance. 

Tell students when the devices will be due. You may want to give students up to a week for 
construction. The devices can be built at home, in class, or in industrial arts class if other 
teachers are willing to participate in this activity. Unless you provide class time for students to 
work together, students must understand that it is their responsibility to meet with their 
partners or groups to build their devices. 

Have students bring their devices to class on the assigned day. 



SCIENTIFIC MCniOl) 

Once you have buitl your passive solar collector or wind machine* you must tc» its ability 
10 perrorm the lask for which it was dcwgnwl. No mailer how well ii works, there will 
probably be changes you can make in us design which will improve Its perrormance* 

When engineers or scieniisis wish lo improve the performance of a uchnology* they 
usually use ihe scienLiflc meilKK]. 

L They OBSURVU iht icchnolpgy or 4kvtce in operation. 

2. They FORM AN HYPOTHESIS about why ihe device performed] as it did and what 
they could do lo make it perform better. 

3. They TEST THEIR HYPOTHESIS by changitvg their device anj observing it in 
operaiion once attain* 

4. They DRAW A CONCtUSCON about ihe truth of iheir hypothesis. 

tn the resi or ihis unii* you will have a ctiance to use the seienrifLe method to improve the 
performance of the device you build. 



friXKKCISli 11 

Dtrectiotis: Try oul your device, using one or ihe lests described bdow. Then, compare your 
device to ihose lesied by other groups* List all of the dirrerences you can observe 
between ihe devices ihat worked wdl in ihe tesi and those that did noi. 

I. Test for Pisstvc Solftr Colkeror 

L Insert a Ihermometer inio your passive solar collecior* 

2. Place the solar collector in the sun for next to a refiecior lamp). Leave it ihere 
uniil Ihe ihcrmomeier measures 2\^C. 

3. Remove the solar coltecior from the lighi source* Time how long ii takes for the 
remperaiure in ihe solar collector to droP 10 15^C. 

Record the lime here: 



IJ. Tesi for Wind Mvciilne 

1. P^ni one blade a brigiil i,ola(. 

2. Place your wind machine outside in the wtnd (or tn front of a fan.) 

3. Count hOw many times ihe eolored blade goes around in a three minute period. 
Record Ihe number herei 




Read ''Scientific Method** (page 106) aloud* or have a student read it aloud. Discuss with 
students how this process is simitar .0 and different from other problem solving strategies 
introduced in this book. 

5 minutes 

Have students read the directions for Exercise II (page 106)* This exercise may be set up as a 
contest* so that students compete to determine which device is most successful at capturing 
energy* If students are testing passive solar collectors, they will need to be out in the sun or 
have access to a reflector lamp* Because they will need the same conditions when they re-test 
the device in Exercise IV* a lamp may be the best source of energy* They will also need ther- 
mometers* If they are testing wind devices* they will need a wind source* A fan will probably 
work best* because it will allow students to re-test their devices under the same conditions* 
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A note about testing wind machines: If it is a windy day or the fan is set on high, students 
may have difficulty counting blade rotations for three minutes. One alternative is to have them 
count rotations three times for a minute each time. They can then average the three numbers. 
Another alternative is to tie a string with a weight attached to one end to the axle of the wind 
machine. As the blades turn, the string will wind around the axle, pulling the weight up. 
Students can time how long it takes to lift the weight. If students want to compare times using 
this test, the weight at the end of the jtring and the axle diameters must be the same for each 
device. 

Have students test their devices and compare results. You may want to make a class data table 
for each type of device so students can compare. 



Example: Passive Solar Collectors/Wind Machines 



NAME 


TIME 


CHARACTERISTICS OF DEVICE 


Bob and Wendy 






Jean and Mel 






Brenda, Paul and Alice 







20-30 minutes 
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If you built ^ M>br uilk-cioir. tt^i aLI of the ditrcrciKx^ you sec between collectors ih^ti 
uorkcd ucft and Itiosc lhat <Sid not. 

If you built a ^ind machmt:. hst all of Hit: differences bciuccn those it^t worked well 
and those that did not. 

Kujd of device >ou buih: . _.. _ . 

Oiffcrenies: . . _ ^ . 



ih:*'eix)ping an hypothesis 

Atl MVrOTHESiS h an idea about why so]nc[hiiig happens [he way it doej. It iv usually 
bui^d on iniofDJ^tJon ih.it has been gaihered or observed. An hypoihesb is z Sood guL*^^ based 
on facis: tr is no[ a sure thing un[n it has been tes[ed and proven. 

Yoti hate jusi gathered information about how dirferent passive solar collectors and/or 
wind mjichniev work. Vou can now devetop an hypothesis from this inforttiation that exptams 
wliat makvv .i pa^suv solar C(>lkctw wind nuchine wort most effectively For example, one 
hypoihevLv might be: 

A ftitwve iolor i'vtMor n'ttt norK ifetter t/tt vj tttSuIatfd^ 

EXmaSE IN 

Direittoti^- Loot ag^^m at the list of differences you found between devices (Exefei^c 11. 

abov^'K As .1 group, wrue three hypotheses about what males the kind of de\iee 
you built tei[hcr passive solar collector or wind machine) work most effectively. 

Hypothesis |: ^ . 



Hypotheses 2: 



H>pothesb3: ^ 



t07 



6, Read '^Developing An Kypothesis" (page 107) aloud, or have a student read it aloud. Discuss 
as necessary. 

Have students read the directions for Exercise III (page 107) and complete it in their groups* 
When they have finished, have one student from each group read the group's hypothesii>. 
Discuss. 

10-15 minutes 
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TESTING HYP0TH£SF:S 

Once you havt developed an hypoihe&is* you mm tcsi ii 10 dettrmine whether or not li is 
irue. You can do this by changing your device in ihe way suggested by your hypothesis. Then, 
you can re^tesi your device to 5«e If it is actually mofe effective. If it is* the hypothesis is 
corrects If it is not^ the hypothesis is probably incorrect. 

To be tested* your hypothesis should involve only one idea or pan of your device. Then* 
you will know which one ihfng to change before you re^iesi your device and will have only one 
reason for any difference in its perfonnance. Pof exampte» if your hypothesis is: 

A good passive sotar cott^Or has ittsutaiion and dark-cotored siOrage materiais, 

you uould not kno>v whether the change in the insulation or the change In the storage 
materials caused a change in performanctf when you re-tested your device. A better hypothesis 
woutd be: 

A good passive sotar coftector is weft insufated. 

You could then change the kind or amount or insulation in your passive $oEar collector 10 test 
this *iypoihesis. 

FXERaSE IV 

Directions Follow ihe steps below to test your hypothesis. 

I. Look Over the hypotheses you wrote in Exercise ill (page 107). Choose one or rewrite one 
that you can lest. Be sure that It involves changing only one thing about your devke. 
Write the hypothesis you will test here: 



]L Change your device (improve it!) in a way that allows ynu 10 test your hypothesis. 

111. Use the same test you used in Exercise ]] (page 106) to re.test y^ur improved device. 
Remember that the conditions of the \tsx must be the sante» so that the only change is the 
one you made to the device. Record your results in the space provided bclow. 

Passive solar collector: Time for lemP^fature to fall from 21*C to IS^C: 



Win<? machine: Number of \\mts the blade goes around ^n three minutes: 



tV. Compare ihe results of your first test in Exercise 11 and this re.iest. 

Was the P^formance of your device improved? 

Was your hvpothesls correct? 



7. Read "Testing Hypotheses" (page 108) aloud, or have a student read it aloud. Discuss as 
necessary. 

Have students read through all of the steps of Exercise IV (page 108). You may want to have 
them complete this exercise one step at a time, stopping to discuss their results after each step. 
Have students choose one of their hypothei>es to test. Give students time (in class or on their 
own) to improve their devices. Then, have students retest their devices, record their results, and 
decide whether or not their hypotheses were correct. Discuss :;tudents' results. 

20-30 minutes 



m 
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ORAWIN<; A CONCUJSION 

Mier you have obscrv^ \gmcthing happening ;)nJ dcvelopeiJ anJ tcstcU an hypothc)is 
about II, you are ready to draw a rottduiMtt A conclusion jv a statement which says whether 
Of noi your hypothesis ks true. 

For cuamplL*. suppose yoor hvporftests uas: 

A xowi /JwiJiiV sviar collector needs ttiiuiauoti. 

If> when you added insulation lo your dcvicv, you found thai ii was more effective ai trapping 
and holding heat, your foticluttott would be: 

A jiood ffoiittv ioiar atilecior tteetts tmuhtton. 

If your letting proved that insulatton dtd not fesuh m unproved pcrrorinanee, your toncJit^ton 



KXKRCISE V 

IJirecitons: Write a conclusion that e?cPtains whtther (he hVpoihesis you tested in Exercis* IV 
was irue or faise. Write >our conclusion on the lines provided below, 

CONCLUSION: 



8, Have students read "Drawing A Conclusion" (page 109). Discuss as necessary. 

Ask students to read the directions for Exercise V (page 109) and complete it in their groups. 
When they have finished^ have one student from each group explain the group's conclusion. 

10 minutes 



uould be: 



htsuktion does ttoi utiftrove a Passtve soiar coiieeiOf. 





UNIT XIII SUMMARY 



DEVELOPING AND TESTING AN HYPOTHESIS 

An hypotht&U Is a careful guess about why something happens. Ii is based on observed 
facts. 

Vou c-an uw ihe SCtENTiFIC METHOD lo develop and lesi an hypothesis. 

1. OHSt:RV[; lOi.'Ollet:! informalion. 

2. DEVt:LOP AN HYPOTHESIS lhai explains your observaitons. 

3. TEST YOUR HYPOTHESIS through some k*n6 of experiment, and observe 



4. OKAW A CONCLUSION that states whether your hypothesis was true or false. 

APPROPRIATE TECHNOtOCY 

Passive sobr collectors and wind machines are examples of appropriate technology at 
^ork. In this unit you have seen how changes can be made to improve the performance of 
ilke^e icchnotogies- 



your result s> 
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9. Review the Unit XIII Summary (page 110), 
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Additional Suggestions 



K Below is information students would need to build an active solar collector. This could be 
presented to stuc^^nts as a third option in this unit^ or it could be used as a follow-up activity 
after the unit has been completed. Students could build active solar collectors, test them^ 
develop k- ^'heses^ improve and retest the collectors^ and draw conclusions. 

Active Solar Collector 

Purpose: To heat water to the highest temperature possible. 

Test; You can test an active solar collector by measuring how much the temperature 
of a standard quantity of water increased in a given amount of time* i.e*^ 1/2 

liter of water increases in 20 minutes. (You will need a thermometer^ 

containcis for water, beako-s to measure water, and a timing device.) 



PART 


COMMERCIAL MATERIAL YOUR MATERIAL 


PURPOSE 


Transparent cover 


glasSf plexiglass 


plastic wrap 


allows light to enier 


Absorber plate 


copper, aluminum 
(black on side which 
faces sun) 


any material which 
absorbs heai well 


absorbs heat 


Pipes 


copper 


plastic or rubber 
tubing 


carry heai transfer 
medium 


Transfer medium 


water, propylene glycol, 
air 


any fluid 


transports heat from 
absorber plaie to 
storage 


Storage medium 


water, rock, air 


any material which 
can hold heat 


saves heat for use at 
another time 


Insulation 


fiberglass, siyrofoam 


any insulating 
material 


keeps heai in storage 
tank and collector 


Pump* 


1/4 hsp. pump 


aquarium pump 


pumps heated transfei' 
medium from panel 
to storage tank 



*A thermosyphoning panel needs no pump. The storage lank is placed higher than the panel ctkJ conveciion moves ihe 
heat transfer medium. 

An active solar collector can be any size. Commercial panels are three feet by seven feet and weigh approxiinateiy 150 
pounds. 
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UNIT XIV: PUTTING IT ALL TOGETHER 



In this unit, students are asked to apply the skills and knowledge they have learned in this 
program to solving a school problem through the use of appropriate technology. The particular 
skills and ideas students use in this unit may depend on the problems they identify and choose to 
solve. Students should be encouraged to use other units in this book as a resource as they solve 
their problems, 

in solving the problem, students will also be using a wide range of study skills* They will need 
to use problem solving methods suggested in Units VII, X, and XIII, If they choose to interview 
people for information, they will need to practice their listening skills. Depending on the problem 
they choose and the kinds of information available, students witl need to read for meaning, take 
effective notes, and interpret charts and graphs. They may also need to use the metric system and 
scientific notation. Students should be encouraged to use the study skills they have learned in 
effectively solving their problems, 

NOTES ABOUT TEACHING THIS UNIT 

L Encourage students to choose a problem which can be solved within the time limits you set 
for the project. Some of the examples cited on pages 112 and 113 of the student text took 
sever^ years of work by teachers and students. These examples should be regarded as long- 
range efforts, not necessarily as direct models for your studerfj' projects, 

1. Exercises i and U can be done in one or two class periods. Exercise III asks students to 
car;y out their project, Sii^ideats will need approximately three weeks to complete ? 
project. You will need to set a due date for the project and assign interim progress reports* 
You will also need to decide if students will be given class time to work on the project, and 
if so, how much. Communicate these decisions to students when they reach Exercise IIL 

3. The directions below suggest that students carry out the projects in groups of three or 
four. Another approach is to do a class project about a problem of concern to everyone* 
You will want to consider carefully which of these approaches you choose, because they 
offer different rev/ards and challenges. 
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UNIT XIV: PinriNG IT ALL TOGETHER 

iNTROI>UCriON 

This book ha^ iniroJuccd yuu lu Jiifoimaiiun and ideas about appropriate technology. In 
[his uniE you uill liavc the chance to us« your knowledge tii a real situAiiun, With a group uf 
your classmates, you will idenEify a probkm in your school which coutd be solved using 
appropriaic lechiiology. You and your dossmates will then work lo solve the probkm^p using 
the science study skills and idea^ you have learned in this book. 

Some examptes of pioblcms worked oji by other Ifoup^ of sEudeus included 
0 liiEer, 

2) wasted cncrt^y* 

3) wastnl Tood, 

4) garbage disposal, and 

5) transportation. 

KXKKCISK i 

Dtretitpm: With your gioup, identiTy four problems in your school which coutd be sotved 
using appropriate technology. Yuu may want to use the list or problems above Tor 
ideas, but the problems you id^nUfy should be more spectHe to your situation. 
Write the problems on the lines provided below. 

lixatntyte: In our school^p lighu are left on in empty classrooms so that crcr^v is wasted. 



2. 



J. 



4. 



in 

Suggested Directions for Unit XIV 

L Organize your class into groups of three or four. You may choose to assign students to groups 
or allow them to iorm their own groups. The groups will need to be able to work together on 
the project they choose, if you choose to do a class project, students will work in smal' groups 
on Exercise I only. 

2. Have students read the ^* Introduction'' (page III). Discuss as necessary. 
Approximate time; 5 minvtes 

3* Have students read the directions for Exercise I (page 111), Emphasize that they should list 
problems which are specific and can be solved* They should also try to choose problems on 
\/hich they can have an effect* Suggest to students that they talk to people in the school — 
other students, teachers, principal, custodians, secretaries, cooks — to uncover problems. You 
might want to invite one or more of these people into your classroom to talk to students about 
school problems* 

Have students complete Exercise I (page 111) in their groups. When they have finished, ask 
one student from each group to read the group's ideas* List each problem on the board. 
Discuss the problems students have identified and how they might begin to solve them* 

10-15 minutes 
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SOLVING THE PROBLEM 

Onct you have ideniificd a pfoblcnii you have lo plan a strategy for solving ii, Rcm«fnb«r 
how Lisa solved her problem in Unii Vll? 

The ptaragraphs bdow d«scnbe several e^tainpte; of sirategies used by siudenis to help 
Ihcir eonnmunilies solve problems through the use of appropriate icchnolngy. Your local prob' 
lems may difTerent from those presented her^. You may also have 1^ time lo solve your 
probJcni ihan some of these groups did Bui perhaps their ideas will be useful to you In 
organising your own probttiA solving project. 

Examples of Local Probkm SoIvId^ 

L In San Jose. California, a group of 20 thirds fourth* and fifih graders formed an Energy 
Patrol 10 help iheir school save elccirtctiy. Each day« four Energy Patrol members picked 
up spedal jackets* name lags, and keys kept for their use in the office. During morning 
rccns, they checked unoccupied areas to see that Itghts had been turned off. If the lights 
were on, patrol members turned them off and attached a picture of their school mascot 
crying about energy waste. If the lights were off, they attached a pict'jre of the mascot 
smihng. The Enetgy Patrd saved their school thousands of kilowatt hours of electricity in 
each of rhe first three months of ihejir project, 

2. A group of Shcchan High School nimh graders in Wallingford, Connecticut were con- 
cerned about t:ie energy being wasted in their school. They formed a group called the 
WalhRgford Auditing Technical Team (WATT) to look at the ways their school could 
save energy, WAVT presented its findings to the school board and convinced the bo^ ^ 
that tremendous amounts of energy coutd besaved through sfmpte conservation mea 
like the one^ you learned about in {jm\ XI, The board appointed WATT as its Energy 
Management Team In the next two years, the school spent about $l2»000on conservation 
and saved over $500,000, 

3. Since 1970, 250 youths in La Crescenta, California have been helping to build Sunfire, a 
5'kilowatt solar collector. These students designed many parts of the collector, obtained 
scrap material, and did most of the construction. They plan to donate the collector to 
Pitcairn island in ihe South Pacific, The island suffers from a severe energy shortage. The 
students are currently involved in developing a successful means of transporting thecollec* 
tor to Pitcairn Island, 



7. 
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4* Ask students to read ^'Solving The Problem** (page 112)* Then, read the "Examples Of Local 
Problem Solving'* (page 112-113) aloud, or have students take turns reading them aloud. 
Point out that some of these projects took more than a year to complete, but they are 
examples of what students can do. Discuss as necessary. 

Note: Examples cited were provided by: 

National Commission on National Energy Education Day Project 

Resources for Youth, Inc, P, O. Box 2518 

605 Commonwealth Avenue Reston, VA 22090 

Boston, MA 02215 

Further examples can also be found through the Center for Youth Development and Research, 
University of Minnesota, 48 McNeal Hall, St. Paul, MN 55108 

10 minutes 
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4 SirK'c IV7(>. Ki^midc High S.lioi)l simlctils in Elkood. I'cimsylvan^a ha\c bvcii the 
tiioviiig fOKt' iK^liix^d fill d|>f>ioprifiic lahxiology dcsq^ned lo conicrvc ihcir «x7iiimuni[y'5 
<Mt^y and maicrial rcsour<N;s, By 1982, [hc^ ^lud^ES UaC recycled over 2 million pounds 
of gla^s, o%cr I million pounds of iin. nearly 3 million pounds of newsprint. o%cr 50 ions 
of IBM cards, and aboui l»WK) ust<i car baEEencs. As a fc^uli of Ehcir re<:ycJing ^fforis, 
KKcrside sEudenis have coniribu^etl clos« lo £6.000 loward school ai;d community 
projects. 

5. Navajo youih in Wiinija Rock School Djsinci ^6, Kwi Defiance, Arizona demon^ratett 
how appropnaEC technology could help cut ihcir comniunityS dependence on non- 
rcne^^abk ciierfEy by ustiq; a plentiful local resource, H^unhehi. Many of Ehe students had 
been ihinktiig of dropping oui of school before the project began. Instead. Ehey piEchcd in 
to dCiJgn and build a solar bogan, an eight.^de^ structure which combines traditional 
Navaju buiTding whh modern sotar Eechnoloigy. The hogan« which sttrfe<l interest 
ihrouighoui i\k Navajo cotnmiiniEy, may become a model for fuEure consErttcEion projects. 

6. Siudei*is in two different parES of the UniEcd SEatcs came up wiih very diffcrenE 
appropriate lechnologi;:; for sdving transportation problems in iheir comnuntites. These 
students were cortcerncd abouE air pollution, Eraffic problems, and the incffici^E use of 
energy. In Jacksonville, Rorida, high school SEudenES formed SiudenES for Mass Transit eo 
educate cuj^ens about the need fof more public transportaiion. Students at Geofge 
Was.liini;ion Ihgh School in Denver, Colorado found anoEher appropriate solutioi^ !0 a 
similar problem. They organized am) openied a compmer carpooling service virhkh is 
used by many Dejiver businesses and SEaie agencies. 

7. rvt eUe teenagers in Ava. Illinois were Erained lo identify cnerg>-.vira5iing problems and 
how t(i correcE them using no co^i/low cos: \«eaEheri;ation Eechniques. Tills group was a 
part of Ehe Jackson County Action eo Save Energy. In onJy 10 weeks, these students 
\«catheri;ed 50 hdmcs belongir^ to elderly and low-income members of th^ir community. 

Dtreatotji: WiEh your grcup. choose one of Ehe problems you or your classmaEes have 
identttled EhaE you think you can help to solve. Write the problem in the space 
provided below. 



5, Have students read the directions !o Exercise 11 (page 113). Suggest to students lliat they 
choose a problem from the class list or from the four problems they identified in Exercise L 
Ask students to complete Exercise 11 (page 113-115). Emphasize to students that the more 
detailed and specific they can make their responses in this exercise, the easier it will be to 
complete their project. You might again suggest to students that other people in the school and 
community may be valuable resources for them. 



Then. \^nit down the informationv maEcrials. a;'d SEeps you will need to take to 
soNe the problem. Use ihc ^paee provided oil the nexE page. 



PROBLEM; 



15 minutes 
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Slrp 



Who vrill do IC? 



tXtKClSK III 

Dtrei-mtti Wii^ >oiif giouP^ caff> oui >ouf problem solving straieg). Yohr icachcr will idl 
>ou when during ihe pfojcct >ou nttd to fcpori youf PfOgfess. and when ihc 
pfojcci should be completed PfcseMt youf compleied pfoject to the dass in one of 
ihc wa>) descfibed below 

Pr^ifcc pfncniition^: 



I. 



A uniien rePOf; dciciibing youf pfojea 
v^ere. 



rri^ Lt out. and uhat >oiir fcsulis 



2, A ftaiufe amcle fof ihe Jocal newspapef. in uhkh >ou de^crib* your Pfojwi and your 
icsuIl) <Rcad some Tcatufe stones from ihc paP^r lo gei an idea of ihe wa> (his might be 
u hi ten.) 

3 An ikral prc&cniaiion to the class ^hich explain^ the problem* your ptanned soluiionf and 
>om results. Charis and ptciures will hdp you in ihis presentation. 

•1 A picture -prescniaikon (roi example* z bulletin board) which dc^ribes >our problem, hov^ 
>ou wcni about solving ii, and your results. This ptesentatton c-ould indudc wrltjtrg, 
drawings, photographs, charts, and whatever eh? htlps lo explair, yx)ur pro;«ci 
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Have students read the directions and presentation options for Exercise III (page li5). Tell 
students when final presentations are due. Halfway through the project, have students turn in 
an interim progress report that states what steps they have completed, what problems they ha^'e 
encountered, and what the> have kft to do* Be sure to tell students when these reports are due* 
Students will also need to knew how much (if any) cJass time they will have to work on the 
project* A schedule that shows students all of this information will help them organize and 
plan their project, 
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Example: 



\ 


2 


3 


4 


5 


8 


9 




11 


12 


15 


16 


17 


18 





Note: Be sure to publicize students* efforts on these projects. Newspaper publicity and recog- 
nition from thv luayor, school principal, the PTA, and the community wiil help students 
see the value of their efforts and maintain interest in the activity. 
When students have finished their projects, have each group present what they have done to 
the class. Discuss what worked and what diu not, and how students might be able to follow 
through on these or other ideas about appropriate technolo^ in ihe future. 

Approximately 3 weeks 
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UNIT XIV Summary 

In this unii you have used many of the science siudy skills and ideas you have learned to 
help solve a school problem. By doing this you have shown that apptopriue lechnotogy is 
useful in solving local problems. You have also shown that }-ou can be an imporiani part or 
yo.ir community's and country's energy and technology Tuiure! 
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7. Review the Unit XIV Summary (page 116). 
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GLOSSARY 



AcMit}^ - The percentage of acid in something. An acid 
turns blue litmus paper red. Acids taste sharp and 
sour. Some acids may burn the skin. 

Acre - A unit of area equal to 43,560 square feet. 

Aelive solar - A technology which uses the sun's rays to 
produce heat and then uses electrically powered fans or 
pumps to move the heat whae it is needed or stored 
for later use. 

Air light - Closed so tightly that no air or other gases can 
get in or out. 

AnlhmeUe - A kind of coal that is hard and makes little 
smoke when It burns. 

Appropriate - Carefully chosen to fit the situation or use. 
Suitable^ propa. 

Atmosphere - The gas that surrounds a body in space, espi;- 

eially around the earth. 
Bick-up healing - System designed to provide heat when 

the main system cannot supply enough. 
Barrel (of oil) - Equal to 42 gallons and to 5.6 x 10* BTU. 
BUIion - 1,000,000,000 or 10\ 

Blomass - Any plant material which can be turned into 
energy. 

BTU - British Thermal Unit. One BTU can raise the tem- 
perature of one pound of water one degree Fahrenheit. 

OUorfe- A unit of heaf in the n.etric system. One calorie of 
heat must be added to raise the temperature of one 
gram of water one degree Celsius, 

Carbon dioxide - COt. A gas given off by fossil fuels when 
they bum in an atmosphere containing enough 
oxygen. 

Carbon monoxide - CO. A poisonous gas given off by a 
fuel burning in an atmosphere containing little oxygen. 

Onti-- A prefix meaning 1/100, There are 100 centimeters 
in a meter. One centimeter = 1/100 or .01 meter. 

Ctimste - The average weather for a region; rainfall, tem- 
perature, winds. 

Coefficknt - In scientific notation, the number multiplied 
by the 10. In 3 x 10*, 3 is the coefficient. 

Commercial sector - The part of the economy consisting 
of offices, schools, retail stores, hospitals, nursing 
homes, etc. 

Community - A group of people living in th same area 
who act together in some way. 

Composl - Partially decomposed organic waste (such as 
leaves, food scraps, lawn clippings, animal manure) 
used to enrich soil. 

Cooduction - The transfer of heat energy from molecule to 
molecule within a solid. Also the transfer of heat 
energy from one material to another which touches it. 

Conserve - Not waste, make last as long as possible. 

Contract - Shrink, occupy a smaller space. 

Convection - Transfer of heat energy in gases or liq'iids. As 

convection occurs, warmer matter ri^cs and cooler 

matter sinks. 
Converted ^ Changed from one form to another. 

Cord (of wood) - A unit of measure for cut firewood. A 
cord of wood is equal to a stack that is four feet high, 
four feet wide, and eight feet long. 

Corrode - To wear away or be worn away, especially by 
chemical action. 



Crisis- A time of danger ordifficulty in which great changes 

can take place. 
CuNc foot - A unit of volume which is one foot by one 

foot by one foot. 
Deposit - A pool or vein of material like oil or coal which 

has formed beneath the surface of the earth. 

Disposal - The act of throv^ing away or getting rid of some- 
thing. 

Domesllc - At home; within the country. 

Efficiency - Getting good results without wasting time, 
materials, or effort. 

Electric resistance beating - Electricity flowing through a 
wire heats up the wire which can be used to cook food 
or heat space or water. 

Energy - Ability to move objects or do other kinds of 
physical work. 

English system - A measurement system based on various 
common forms (foot, yard) which have now been 
standardized. 

Entropy - A measure of the amount of energy unavailable 
for work, or lost through conversion. 

Envirooment - Surroundings in which a plant or animal 
lives, including the air, water, and soil. 

Expand - Enlarge; occupy a larger space. 

Exponent - In scientific notation, thenumberaboveandto 
the right of the lOt indicating the number of times the 
decimal has been moved, li also indicates how many 
times 10 is to be multiplied by itself. In 3 x 10\ 6 is the 
exponent. 

Flnile - Having a definite endt able to be completely used 

first cost - The amount of money it takes to buy some- 
thing. 

Flaid - Matter that is able to flow; liquids and gases are 
fluids. 

Fluorescent - A type of lighting in which gas molecules are 
put into motion by electric current; as a result they 
glow. 

Fossil fuel - A burnable material formed over a period of 
millions of years from decaying plants and animals; 
oil, coal, artd natural gas. 

Friction - A force that slows down or stops the motion of 
two objects as they rub against each other. 

Fuel - A material such as wood, coalt gas or oil which is 
burned to produce energy. 

Gas -Matter in which the molecules are far apart and move 
so rapidly they tend to escape from an open container. 

Gram - Basic unit of mass or weight in the metric system. 
1 ,000 grams are equal to approximately 2.2 pounds in 
the English system. 

Greenhouse effect - The increase in temperature which 
occurs in a closed structure when light passes through a 
clear material and is converted into heat. 

GNP - Cross National Product. The total dollar value of 
all the goods and services produced in a country in a 
year, 

Hydropower - A technology for using the energy contained 
in falling water to produce electricity or to perform 
mechanical work. 
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inapproprittle Noi suitable or proper for a particular 
situa'jon or use. 

Incandescent - A type of lighting in which a ihin wire 
(filament) glows when clectrinty passes through it, 

Intlustrifll sector - Ttie part of the economy involved in the 
manufacture of products and the mining of fuels and 
other ores, 

Insula.ed - Surrounded with a material thai slows or stops 
the passage of heat, 

InsutflUon - Any material which does not conduct heat 
easily. Used to slow down heat loss from a house or 
building. 

Kilo- - A prefix meaning 1 ,000, A kilogram = 1 ,000 grams; 
a kilowatt = 1,000 watts, 

Kilo^^tt'hour - One thousand watts tised for one hour. 
Ten one hundred watt light butbs left on for an hour 
would use one kilowatt-hour of electricity. 

Kinetic energy * Energy that has to do with motion. 

Life cycle cost - The money it takes to buy, use, maintain, 
and eveniually replace something over the entire t'me it 
is 0 A'ncd, 

IJquid - Matter in which the molecules move more quickly 
than in a solid. Liquid matter takes on the shape of its 
container. 

Liquified natural gas - To transport natural gas long dis- 
tances, gns is cooled until it becomes a liquid, because 
it lakes up less space. 

Liter - Ba^ic unit of volume in the metric system. One liter 
is approximately eoual to one quart in the English 
system. 

Local - Nearby, 

Maintain - Keep in good working order. 

Marine - Of or living in the sea. 

Matter - Anything which has mass and takes up space. 

Mechanical - ,^aving to do with machines or tools. 

Meter - The basic unit of length in the metric system. One 
meter is approximately equal to one yard in the English 
system, 

Methune - A burnable gas which is one part of natural gas 
and which can also be produced from decaying organic 
waste. 

Metric system - A system of measurement based on tens or 
powers of ten. In the metric system. 100 centimeters = 
] jiieter; 1,000 meters = I kilometer. 

Milled - Ground up into fine pieces, 

Milli'- A prefix meaning I /UOOO, A millimeter = l/]>000 
or ,0001 meters. 

Molecule - Two or more atoms joined by chemical bonds, 
A molecule is the smallest piece of matter that still has 
the properties of that form of m4tter. 

Natural gas - A fossil fuel often found with petroleum. 

Network - An organization which helps its members share 
information* goods or services with one another, 

Nlt/ogen ' An element that makes up 78(Fo of the atmo- 
sphere. 

Non-renewable - Consumed faster than it can be replaced. 

Nuclear fission - The splitting of certain heavy atoms into 
lighter atoms. This causes the release of energy 

OPEC - Organization of Petroleum Exporting Countries, 

Organle - Of or coming from living things. 



Organlj!ation - A group of people who come together be- 
cause they have a common interest or want to accom- 
plish a certain task. 

Passive solar - A technology which uses sunlight to heat air 
and water without the useof eleetrical fans or pumps. 

Payback (or simple payback) - The time ntcded to save 
enough money to recover the c^st of an investment, 
(Does not consider the impact of inflation,) 

Petroleum - A liquid fossil fuel. 

Photon - A particle of light, 

Photovollaics - A technology which turns sunlight into 
electricity. 

Pollution - The process of making air, water, food» etc, 
harmful to living thirds; the result of this process. 

Protractor - A tool used to measure angles. 

Proven reserve - The portion of a coal, oil, or natural gas 
deposit w!iieh can be sold for more than it presently 
costs to get it out of ili^. ground and prepare it for sale. 

Quad - A unit of energy equall to one quadrillion BTUs, 

Radiate - Send out in straight lines in all directions. 

Radiation - Transfer of energy through space in all direc- 
tions. Radiation can occur even in a vacuum. 

Radon - A radioactive gas produced bythe element radium. 

Recycle - Turn into something else so thai it can be used 
again. 

Reliable - Dependable* trustworthy. 

Renew - To make new or like new again; to replace. 

Renewable - Capable of being renewed, A renen-able re- 
source is replaced almost as quickly as it is used. 

Residential sector - The part ofthe economy which is made 
of the places in which people live, such as houses* 
apartments, mobile homes, condominiums, coopera- 
tives. 

Resource * A supply of something that is available for use. 
Revitallj^ed - Put new life into, brought back to life. 
Rural - Having to do with the country as opposed to the 
city, 

ocaree * Hard to find, often because there is not much left. 

Scientific notation - A system for writing large numbers as 
single digit numbers times ten to some power. For 
example, 3,600*000 = 3,6 x 10*, 

5ERI - Solar Energy Research Institute, 

Shortage - Lack of enough to satisfy a need or demand. 

Short ton - A i*nit of weight equal to 2,000 pounds, 

Sllieon - The second most common element found in 
nature* used to make photovoltaic cells. 

Solar - Coming from or having to do with the sun. 

Solid - Matter in which the molecules are so close together 
that i^ retains its shape. 

Sprouted * Started to grow. 

Standard of living - Measure of what a person spends to 
support his or her life; the level ofcomfort in everyday 
life. 

Strip mining * Mining in an open pit after removing the 
earth and rock covering the deposit. 

Sulfur oxides - Chemical compounds containmg s'llfurand 
water, ^vhen these combine with water they produce 
ackis which may cause damage to buildings and may 
be harmful to people. 



Sulfuric acid - Actd ihui rcsiills \^hcn certain sulfur oxides 

and water combine. 
Technotogy - Materials and method which pcoPle use to 

meet their nc<xts. 
Thermal ma&s - Material which absorbs and stores heat, 

Tlteniiomet«r - A loot used to measure (cmperaturc. As the 
liquid in the thermometer absorbs heat* it expands. As 
it loses heatt it contracl5, 

Transpon^tfon liector - The pare of the economy Involved 
In the movement o;' goods and people from place to 
place. Includes ears, buses, trains, planes, ships, pipe- 
lines, etc. 



Transported - Carried from one place to another. 

Trillion ' 1,000,000^000,000 or 10'^ 

Ultimalely recoverable resource - A resource w^ich can 
be put to use at some future time, once it Dccomes 
profitable to mine and process it. 

Uranium - A heavy element which is naturally radioactive. 

Urban - Having to do with the city as opposed to the 
country. 

Vulnerable - Unprotected from danger. 
Waste - Something which is thrown away. 
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APPENDIX A* 

Petroleum* Coal* and Natural Gas: Proven Reserves and Production 



Table 1: Petroleum* Coal, and Natural Gas Proven Reserves** 



RESOURCE 



AS OF 1/1/80 AS OF 1/1/81 AS OF 1/1/82 



Petroleum (in billion barrels) 

U.S. 
World 

Coal (in billion short tons) 

U.S. 
World 

Natural Gas (In trillion cubic feet) 

U.S. 
World 



29.8 
641.6 



472.7 
975.2 



201.0 
2,573.2 



29.8 
648.5 



Not Available 
Not Available 



199.0 
2,638.5 



29.4 
670.3 



Not Available 
Not Available 



201.7 
2,915.0 



*To update these figures, call the National Energy Information Center (DOE) at (202) 
252-8800. 

**U.S. (Domestic) figures from Annual Energy Review, 1982. World figures from Inter- 
national Energy Annual for 1979, 1980, and 1981. Both published by the Energy Infor- 
mation Administration, Departr ent of Energy. 

Table 2: U.S. (Domestic) Production of Petroleum* Coal and Natural Gas*** 
RESOURCE 1978 1979 1980 1981 1982 

Petroleum 

Million barrels 
per day 

Billion barrels 
per year 

Coal 

Billion short 
tons per year 

Natural Gas 
Billion cubic 
feet 

Trillion cubic 
feet 



8.71 
3.18 

.67 



8.55 
3.12 

.78 



8.60 
3.14 

.83 



8.57 
3.13 

.82 



19,974.0 20,471.0 20,379.0 20,178.0 
19.97 20.47 20.38 20.18 



8.67 
3.16 

.83 

18,462.0 
18.46 



♦♦♦Figures from Monthly Energy Review, June 1983, published by the Energy Information 
Administration, Department of Energy. 
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Table 3; Number of Years Domestic Reserves Will Last at Present Rate of Production 



Petroleum 



29.4 billion barrels (Proven Reserve as of 1/1/82) 

] ; - Lasts 9.3 years 

3.16 billion barrels per year (1982 Production) 



Natural Gas 

20L7 trillion cubic feet (Proven Reserve as of 1/1/82) 
18.46 trilUon cubic feet (1982 Production) 



Lasts 10,93 years 



Coal 



472.7 bilUon short tons (Proven Reserve as of 1/1 /80) * c^iq < 

^ ^ — Lasts *)()".*) years 

.83 billion short tons (1982 Production) 
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APPENDIX B 
Units of Energy 



BTU Values of Energy Sources (approximate) 

Coal (per 2,000 pound ton) 

Anthracite 25.4 x lo* BTU 

Bituminous 26.2 x 10* BTU 

Sub-bituminous 19.0 x 10* BTU 

Lignite 13.4 x IQ* BTU 

Natural Gas (per cubic foot) 

Dry 1,031 BTU 

Wet 1,103 BTU 

Liquid (average) 4,100 BTU 

1 Therm = lOO cubic *'eet of natural gas 

f Therm = 103,000 RFU 

Electricity 

1 kilowatt-hour (at home) 3,413 BTU 
1 kilowatt-hour 

(at the power plant) 1 1,600 BTU 



Petroleum (per 42 gallon barrel) 



Crude Oil 




X 


10* 


BTU 


Residual Fuel Oil 


6.7 


X 


10' 


BTU 


Distillate Fuel Oil 


5. . 


X 


10* 


BTU 


Gasoline 










(inc. aviation gas) 


5 25 


X 


10' 


BTU 


Jet Fuel (kerosene) 


5.67 


X 


10' 


BTU 


Jet Fuel (naphtha) 


5.36 


X 


10' 


BTU 


Kerosene 


5.67 


X 


10' 


BTU 



Nuclear 

1 gram (0,0353 oz.) of fissioned 
Uranium 235 ^ 74,000,000 BTU 

1 kilowatt-hour electricity equals 
0,88 pounds coal 
0,076 gallons oil 
10,4 cubic feet natural gas 

1 tcf (trillion cubic feet or 10*^) natural gas 
equals 

39,3 X 10* tons coal 
184,0 X 10* barrels oil 

1 million tons of coal equals 
4,48 X 10* barrels of oil 
6,7 X 10* tons of oil 
25,0 X 10*^ cubic fee: natural gas 

1 million tons of oil equals 
6,65 X ;0* bbl, oil 

4,0 X 10* kwh electricity (when used to 

generate power) 
1,5 X 10* tons of coal 
41,2 X 10* cubic feet natural gas 



178 

159 



BIBLIOGRAPHY 
Energy and Appropriate Technology 



Abelson, Philip H, Energy: Use, Conservauon, and 
Supply. Washington, D,C,: American Association 
lor the Advancement of Science, 1974, 

Technical articles dealing v/ith TosmI fu<^ls and alter- 
native energy sources. 

Annual Review of Energy, Palo Alto, CA; Annual 
Reviews, Inc. 

(4139 El Camlno Way, Palo Alto, CA 94306) 

Boston Urban Gardeners, StatJer Office Building, 
Room 831, 20 Park Plaza, Boston, MA 02116, 

Campbell, Stu, Lei Ii Rati New York: Garden Way 
Publishing, 1975, 

The home gardener's guide to composting, 

Tite Cornucopia Project Newsletter, Emmaus, PA; 
Rodale press, A project of the Regenerative^,A|n- 
cuSlure Association, Published quarterly, 

Darrow. Ken and Pam, Rick^ Appropriate Technology 
Sourcebook, Volumes I ai J IL Stanford, CA: 
Appropriate Technology Project, Volunteers in 
Asia, 198L 

A guide to practictil books and plans iox village 
am* ^mall Co^^^mrr' nnology. Access to tools 
and technologies ^ ase local skills, local re- 
sources, and renewable sources of energy, (Appro- 
priate Technology Project, Box 4543, Stanford, 
CA 94305) 

i>eMoll, Lane and Lee, Cigi, eds. Stepping Stones: 
Appropriate Technology & Beyond. New York: 
Schocken Books, 1978, 

Collection of essays by E. F, Schumacher, Tom 
Bender, Ivan l\hs:h, Wendell Barry, etc, which 
comprise tlie philosophical stepping stones that 
have helped shape the techniques, tools and politics 
of appropriate technology. 

Energy and Education N 'sletter, Washington, D.C.; 
National Scien^^e Teachers Association, Quarterly, 

Good source of information useful in the 
classroom about fuels, activities, films, books, 
inferences, (NSTA, 1742 Con^iecticut Avenue, 
NW, Washington, D,C, 20009) 

Energy and Pomr. San Francisco: W.H,Fi eman and 
Co., i97L 

Eleven articles from September 1971 issue of Scien- 
ttjic American which present a detailed discussion 
of energy and power. 



*'Energy; Facing Up to the Problem, Getting Down to 
Solutions,'* National Geographic Magazine, 
February 1981, 

Balanced summary of fossil fuels and major renew- 
able energy sources available in the world. Infrared 
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Jcqiiicr, ricotns Appropriate Technology: Problems 
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Solar Energy and (he Greenhouse 



Aaboe, Erik and Matthaie, Amy. Buil '*ng Your Solar 
Greenhouse: A Do It Yourself Construction Guide, 
Santa Fe, NM: The New Mexico Solar Energy 
Association, 1980, 

(The New Mexico Solar Energy Association, P.O. 
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Gardening /or Alt Seasons: The Complete Guide to 
Producing food at Home* 12 Months a Year, 
Andover, MA: Brick House Publishing Company, 
1983, , . 



Mazria, Edward. The Passive Solar Energy Book. 
Emmaus, Pennsylvania: Rodale Press, 1979. 
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Mid-Atlantic Solar Encrj^y Associations. Published 
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